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1 . SUMMARY 

The major envi ronmental i mpacts and adverse effects d i scussed i n  th i s  envi ronmental i mpact 
s tatement ( E I S )  are those which  wou l d  resu l t from impl ementati on of the regul ati ons 
for enacting the coal and al ternate fuel s use  program which  has bee� a�thori zed by the Power
p l ant and I ndustri al Fuel U se  Act of 1 978 ( FUA ) Pub. L . . 95-620 . . �h1� 1mpact s ta�ement �eal s 
w i th overal l program and regi onal impacts rather than slte-spec1f1c 1mpacts and 1S pred1cated 
on the assumption  that coal wi l l  be the primary fuel s ubsti tuted for oi l and natural gas i n  the 
short term ( un t i l  1 990) . S i te-speci fi c  envi ronmental impacts wi l l  be addressed i n  s ubsequent 
NEPA compl i ance documents , for exempti on pet i t i ons and by other federal , s tate , and l ocal 
permi tti ng agenc i es . 

1 . 1  BR I EF DESCRI PT ION OF P ROPOSED ACTION 

The proposed acti on is  the i ssuance of regul ations  to impl ement the FUA,  a Congress i onal l y  man
dated program proh ib it ing  the construction of new powerpl ants wi thout the capabi l i ty for uti l i za
t ion of coal or al ternate fuel s and prohibi t ing  the use of natural gas or petrol eum as the primary 
energy source i n  new powerpl ants and MFB I  bo i l ers .  The  FUA al so restricts , through mandatory and 
d i screti onary pro h i bi tion s ,  the use of natural gas and petrol eum as primary energy sources i n  
exi st ing  powerpl ants and Major Fuel Burn i n g  I nstal l ations  ( MFB I s ) . The Department  of  Energy ( DOE )  
may grant exemptions  from these prohibi t i ons to  burn o i l  or natural gas . 

The FUA affects s i ngl e u n i ts of MFB I s  and powerpl ants wi th a fuel i nput heat rate of  1 00 mi l l ion  
Btu's per hour  or greater or an  aggregate heat i nput rate for two or more uni ts of  250 m i l l i on 
Btu ' s  per hour or  greater . 

1 . 2 ENERGY IMPACTS OF THE EVALUAT ION 

The impacts  of  the program were assessed and model ed on the bas i s  that a maxi mum number of 
fac i l i ties  woul d  be des i gned for or woul d convert to coal or an al ternate fuel . The number of 
BTU ' s  of  gas or  o i l  t hat wi l l  be s ubsti tuted for by a fuel o ther than coal are not g i ven due to 
the uncertai n ty of  thei r usage . Coal i s  assumed to be the overwhel ming  al ternate fuel choi ce.  
Other al ternate fuel s and the i r  impacts are presented i n  Section 1 0. 

Maximum subs t i tut ion of  coal was assumed i n  the anal ys i s  by systemati c  overstatement of  factors 
that woul d affect the number o f  faci l i ti e s  u s i ng coal . These factors incl ude growth rates o f  
energy cons umpt ion , stabi l i ty o f  o i l  and gas pri ces , subst itution  of  coal i n  exi sting  boi l ers 
( i f  they were once coal -capabl e ) , and exc l us ion  of  exempti ons  due to p hysi cal s i te l im i tations 
or  for o ther reasons . 

These assumptions  proved necessary because s i te-spec i fi c  l ocat i ons cou l d  not be i denti fi ed for 
boi l ers whi ch wou l d  burn coal i n  1 985 and 1 990 as a resul t  of the program. I denti fi cat i on of 
s i tes requi res knowl edge of where new bo i l ers wi l l be constructed , and whether envi ronmental 
l aws wou l d  be v i ol ated whi ch  woul d  precl ude coal u se .  Because the FUA requi res that coal or 
al ternate fuel  use  meet al l appl i cabl e envi ronmental requi rements , i denti f icati on of future fuel 
use was model ed on  a regi onal bas i s onl y  s i nce s i te-spec i f i c  and l ocal impacts wou l d  be impos
s i bl e  to accuratel y  pred i c t .  The FUA excl udes certain  exemptions from NEPA. However , NEPA 
documents w i l l  be prepared on  a case-by-case bas i s ;  envi ronmental reports wi l l  be requ i red by 
pet it ioners ; and env i ronmental agenc i es wi l l  review exemption peti tions . 

The rel ative magni tude of  faci l i ties  that wi l l  be u s i ng a fuel o ther than o i l  or gas are i l l us
trated at the regional l evel i n  Tabl e 1 . 1 .  The tabl e i s  onl y  i l l u strati ve ;  the methodo logy for 
i ts devel opment i s  exp la i ned in Section 3 , and a d i scussion  of the data in rel ation  to pol i cy 
opti ons i s  contai ned i n  Section 1 0 . 3 . The pri nc i pal and onl y f irm concl u s ions  to be drawn from 
the tabl e are as fol l ows : 

1 .  Maximum i mpacts  are forecast to occur i n  1 990. Approximatel y  53 percent of  coal or an 
al ternate fuel use wi l l  occur by 1 985 and the rema i n i ng 47 percent i s  expected to 
subs i tu te coal or an al ternate fuel by 1 990. 

2 .  I n  the year of  maximum i mpact ( 1 990) , about  7 7  percent o f  the fac i l i ti es u s i n g  coal or 
an al ternate fuel wi l l  be new bo i l ers rather than converted bo i l ers . 

3 .  Approximately  68 percent of  al l al ternate fuel  use wou l d  occur in boi l ers  that woul d  
otherw i se u se natural gas ; the rema i ni ng 32 percent i s  a s h i ft away from the u se o f  o i l .  

1 - 1 
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Tab l e  1 . 1 .  Projected Maximum O i l  and Gas Savi ng s  i n  1 985  and 1 990 
Ach i eved as a Resu l t  of the Proposed Actiona 

( 1 015 Btu ) 

1 985 I ncrement over Base Case 1 990 Increment over 1 985  

Exi s t i ng New b Exi st ins{ New Demand 
Reg i ond O i l  Gas Oi l Gas Tota l O i l Gas O i l  Gas Total 

0 . 008 0 . 001 0 . 026 0 . 001 0 . 036 0 . 002 0 . 000 0 . 01 7  0 . 003 0 . 022 

I I  0 . 003 0 . 002 0 . 025 0 . 007 0 . 037 0 . 001 0 . 001 0 . 01 9  0 . 007 0 . 028 

I I I  0 . 01 2  0 . 003 0 . 028 0 . 004 0. 047 0 . 001 0 . 002 0 . 026 0 . 01 2  0 . 040 

I V  0 . 0 1 7  0 . 044 0 . 070 0 . 044 0 . 1 75 0 . 003 0 . 020 0 . 084 0 . 038 0 . 1 46 

V 0 . 069 0 . 035 0 . 009 0 . 003 0 . 1 1 6  0 . 000 0 . 003 0 . 022 0 . 004 0 . 029 

V I  0 . 01 1 0 . 1 1 1  0 . 1 41 0 . 506 0 . 769 0 . 004 0 . 1 99 0 . 1 08 0 . 503 0 . 8 1 4  

V I I  0 . 003 0 . 01 5  0 . 006 0 . 001 0 . 025 0 . 000 0 . 002 0 . 003 0 . 01 0  0 . 01 5  

V I I I  0 . 000 0 . 005 0 . 009 0 . 000 0 . 01 4  0 . 000 0 . 001 0 . 006 0 . 005 0 . 01 2  

I X  0 . 001 0 . 021 0 . 059 0 . 043 0 . 1 24 0 . 007 0 . 007 0 . 01 5  0 . 050 0 . 079 

X 0 . 001 0 . 001 0 . 007 0 . 000 0 . 009 0 . 000 0 . 000 0 . 007 0 . 000 0 . 007 

Tota l  0 . 1 26 0 . 238 0 . 380 0 . 609 1 . 352 0 . 0 1 8  0 . 235 0 . 307 0 . 632 1 . 1 93 

aAssumes Best Ava i l ab l e  Contro l Technol ogy ( BACT ) on 250 MBtu/hr ,  Trend-Long basel i n e ,  AQCR 
screen , FGD . Assumes no econom ic  exemption  un l ess coal i s  44 percent more costly than u se 
of imported o i l . Excl udes u n i t s  smal l er than 1 00 MBtu/hr and exi sting non-coal capabl e .  
O i l  price i s  we i ghted average of d i st i l l ate and res i dua l  o i l p l us $0 . 21 per mi l l i on Btu ' s  
( to account for the Crude O i l Equal i zation  Tax [COET] ) .  Assumes ut i l i ty cons truction wi th 
coal capab i l i ty .  

bNew un i ts are those com i ng on-l i ne i n  1 980 and after ,  and i ncl ude new boi l ers  o f  capaci ty 
g reater than 1 00 MBtu/hr wh i ch are economi cal ly  just i f i ed i n  u s i ng coal or al ternate fuel 
when the opportun i ty fuel cost is the imported price of o i l ( average of res i dual and 
d i s t i l l ate o i l  plus COET) and wh i c h  a re not l ocated in nonattainment areas . 

cAs sumes exi sti ng un i ts are those i n  p l ace or schedu l ed to come on- l i ne prior to 1 980 ,  and 
i nc l ude convers ions  due  to mi xed-fuel f i r ing ( 1 990 on ly ) .  Assumes convers i ons of 1 00 u n i ts 
per year. 

dSee Fi g .  1 . 2 ;  a deta i l ed d i scus s i on of the coal demand reg i ons  used in th i s  anal ys i s  i s  
presented i n  Section 3 . 3 .  

For the purposes o f  th i s  analys i s ,  new fac i l i ti e s  are defi ned a s  those wh i c h  come on-l i ne i n  o r  
after 1 98 0 ,  and exi sting  are those whi c h  are o r  wi l l  b e  i n  u s e  p r i o r  t o  1 980 .  To  the  extent 
that the abi l i ty of fac i l i ti es to s ubsti tute coal or  other fuel in new and ex i sting bo i l ers 
( that i s ,  as cos t ,  envi ronmental , and adm ini strat i ve resource constrai nts permi t )  has been 
conS i stent ly  overs tated i n  th i s  E I S ,  then the overal l impacts are overstated. 

The i ndustries expected to be affected by the program i nc l ude food proces s i ng ; paper and pu l p ; 
chemica l s ;  refi neri e s ;  s tone , c l ay ,  and g las s ;  primary metal s ;  and mach i nery .  These i ndustr i es 
consume l arge q uant it ies  of natural gas and o i l  i n  l arge boi l ers which  come under the purview of 
the program . Uti l i t ies  wi l l  be affected l ess  because new base1 0ad fac i l i t ies  u s i ng fuel s other 
than o i l  or natura l gas are general l y  ant i c i pated.  

I n  keeping  w i th the "worst-case "  approach assumed by the overs tatement of uti l i zati o n ,  a "worst
case" approach w�s used i n  estimati ng envi ronmental res i dual s .  For exampl e ,  for the cal cu lation  
of  ai r emi ss i ons of sul fur d i ox ide ( S02 ) ,  n i trogen oxide  ( NOx ) ,  and total s uspended part icu l ates 
( TSP ) ,  i t  was assumed that New Sou rce Performance Standards in effect prior  to the Cl ean Ai r Act 
Amendments of 1 977 are met ;  Best Ava i l abl e Contro l Technol ogy ( 99% f ly  ash and 90% su l fur  remova l ) 
i s  assumed for the cal cul a t i on of waste scrubber s l udge and col l ected f ly  ash. These contradic
tory a ssumptions  produced the  "wo rst-case" estimate for each factor and may have resu l ted i n  an  
unders tatement of the  number of  exempti ons to  prohibi tions  g ranted for  envi ronmental or  economic 
rea sons .  These two a ssumpt i ons tend to res u l t in  an overstatement of  projec ted emi s s i ons  of S02 
and an overstatement o f  the amount of  scrubber s l udge to be d i s posed of .  Such an approach was 
requ i red due to the uncerta i nties  about  future envi ronmental standards and the fact that i nd i 
v idual fac i l i ti e s  must meet those s tandards . 
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I n  sp i te of the worst-case assumpti ons d i scu�sed above , proj ected 1 985 and 1 990 coal use attr i but
abl e to the program represents a smal l proporti on of al l coal use in the nat i on by that t ime . 
As noted i n  Tabl e 1 .2 ,  i t  i s  projected that over one b i l l i on ton s of coal wi l l  be consumed i n  
1 985 and over 1 . 2 b i l l i on tons  i n  1 990 . Coal consumption  attr i butabl e to the program i s  expected 
to be j us t  7 percent ( 72 mi l l i on  tons ) of the total demand i n  1 985 and s l i ghtly more than 1 0  
percent ( 1 29 mi l l i on tons ) i n  1 990.  The l evel of coal consumption i s  based on the assumpt ion  
that no economi c  exempt ion wou l d  be  granted un less  coal i s  44  percent more costly than the  use  
of  i'mported o i l . I ncreas i ng the fuel cost penal ty to 1 00 percent i ncreases coal use by appro x i 
mately f i ve mi l l i on tons ( see Tab l e  1 0 . 5 ) . The supply and demand reg i ons used i n  the analys i s  
are shown i n  F i g ures 1 . 1 and 1 . 2 ,  respectively .  A detai l ed d i scu s s i on of the coal supply and 
demand reg i ons i s  presented i n  Sect ion 3 .  

Tabl e 1 . 2 .  Proj ected Base-case Producti on and Production Expec ted to Resu l t from 
the Proposed Act i on Accordi ng to Supply Reg ion  and Method of M i n i ng 

( mi l l ions  of tons per year)  

a 
___ Base-case.£.roductio_n ___ . froduction Re-s�lu� from..pro;osed!-�tio.!'� --�=.p�posed

·· 
Action/Base Case (t) 

__ 1_98_5 __ __1_99_0 __ __ 19�____ __12.99 __ ... __ ._198L_ __J.2.9.L._. 
U nder- Under - Under- Under- Under- Under-Supply 

Re9ion ground Surface ground Surface ground Surface ground Surface ground Surface ground Surface 

86 79 143 70 3 
189 86 190 80 6 11 

9 12 9 10 18 
117 109 134 109 

60 6 91 22 37 36 .17 41 
0 271 329 20 39 7 12 

15 15 13 1 1 
1 40 _1 .32 Jl J. 0 _1_2 15 l!i. � 

Subtotal 419 671 504 751 14 58 27 102 3c gC SC 

Total 1098 1255 72 129 7c 10 

aFrom Ener9Y lnfonnation (1978). 
bFrom Tables 3.7 and 3.B. Proportion of surface mining resulting from the proposed action was assumed to equal the proportion of base-case 

surface mining. 
CWeighted average. 

1 . 3 ENV I RONMENTAL IMPACTS 

18 
3 

41 
12 

�-
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The FUA wi l l  have a major i mpac t i n  Demand Regi on V I  (Texas , Lou i s i ana , Arkansas , Okl ahoma , and 
New Mexi �o) , which accounts for 58 percen t of the proj ected i ncreased coal use i n  1 985 and 68 
percent i n  1 990 . Coal produc t i on i s  projected to i ncrease 41 percent i n  the Central West  and 
Gul f Coast coal reg i ons ( Supply Reg i on 5 )  to sati sfy the coal needs resu l t i ng from the FUA. 
Three other coal s upply reg i ons --Southern Appal ach i a ,  the Northern Great P l a i n s ,  and the South
west ( Supply Reg i ons 3 ,  6 ,  and 8, respect i ve1 y ) - -are projected s i g n i f i cantly h i g her than other 
regi ons in rel ative terms over base case .  These are reg i onal project ion s ;  l ocal i ncreases may 
be h i gher . 

1 . 3 . 1  Ai r Qual i ty 

The a i r  qual i ty of the nat i on general l y  has been improving  s i nce 1 970 .  Increased coal usage 
cou l d  reverse t h i s  i mprovement unl ess  strict control s are empl oyed on al l emi s s ion sources . The 
potential for i ncreased emi s s i ons was eval uated for each phase of the coal cyc l e .  

The potential i mpact on a i r  qual i ty assoc iated w i th i ncreased transportati on a s  a result of the 
p roposed acti on through 1 990 ;s neg l i g i bl e .  Most of  the transportation i mpact wi l l  resu l t  from 
cons tructi on acti v i ties i nvol v i ng new rai l spurs and haul roads . The extent to wh ich  traospor
tati on wi l l  affect a i r  qual i ty wi l l  depend primar i l y  on the degree to whi c h  exi s t i ng transporta
t i on fac i l i t i es can be u sed . The estimated d i esel fuel combustion  products associ ated with 
i ncreased coal transportation wi l l  be l es s  than 5 percent of the general nati onal transportat i on 
ai r emi s s i ons  projected for 1 990 .  Transportati on of coal by ra i l  wi l l  be the major source of 
d i esel exhaust ai r pol l ut i on s i nce 69 . 2  percen t of al l b i tumi nous coal i s  s h i pped by t h i s  mode . 

Increased ground-l evel concentrati ons of pol l utants due to the combustion of coal as a resul t of  
the  proposed act i on were cal cul ated u s i ng a reg i onal d i spers i on model . The 1 990 predi cted 
max imum reg i onal i ncrease i n  concentrati ons  of S02 due  to the FUA i s  2 . 5  �g/m3 , occurri ng i n  
three AQCRs ( F i g . 1 . 4 ) .  The predi cted 1 990 base-case S02 maxi mum concentrati on o f  60-69 �g/m3 
occurs in 1 0  AQCRs ( F i g .  5 . 3 ) .  I ncreased concentrati ons of S02 as a resul t of the FUA are 
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Fi g .  1 . 1 .  Map of the Conterm i nous  Uni ted States Showing Coa l Supply Reg i ons (by pattern ) 
Used i n  Fuel Convers i on Ana lys i s  ( Suppl y Reg i ons 1 through  8 ) .  
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Fig . 1 . 2 .  Map of the Conterm i nous Un ited Sta tes Showi ng Coal Demand Reg ions  Used 
i n  Fuel  Conver s i on Ana l ys i s  ( Dema nd Reg i ons I through X ) .  
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predi c ted i n  1 04 of  t h e  233  A i r  Qual i ty Control Reg i on s  ( AQCRs ) i n  1 935 ( F i g .  1 . 3 ) .  I t  is pre
di cted that i n  1 990 the n umber of AQCRs w i th i ncreased l oadi ng of SO? wi l l  rise to 1 41 
( F i g .  1 . 4 ) .  I t  i s  expected that l i ttl e or n o  deteri orat ion  i n  a i r  qual i ty wi l l  occur i n  the 
Northern Great P l a i n s  states , northern New Eng l an d ,  and Central  Appal ach i a .  I nc reases i n  con
centrations  of  part i cu l ates and other po l l u tants a s  a resu l t  of  the program are estimated to be 
even l ower than concentrations  of  S0 2 expec ted . 

The effects of l ocal concentrations  ( w i th i n  1 0  km , or 6 . 2  mi , o f  a fac i l i ty )  of these a i r  pol 
l utants are not addres sed , but wi l l  be con s i dered by the proper reg u l atory agenc i es duri ng 
the permi tti ng proces s .  No regional a i r degradation  is anti c i pated from t he s torage and o n s i te 
proces s i ng o f  coal or from the storage and u l t i mate dis posal  of wastes from combus t i on and pol 
l ut i on aba tement . 

1 . 3 . 2  Weather and C limate 

Impl ementation  of  the FUA i s  not expected to affect the c l i mat i c  process of  the atmosphere .  The 
emi s s ions  produced as a resu l t o f  the p rog ram (a maximum of  4 percent in 1 99 0 )  are negl i g i b l e  
when  compa red t o  total emi ssions .  W h i l e  t here i s  a great deal o f  uncertai nty about the effects 
of C02 , because the res i dence t ime of C02 i n  the atmosphere is many years , it is unl ike ly  that 
the s l i ght ly  accel erated rate of coal combust i on due to the proposed action  wi l l  appreciab ly  
affect the weather and  c l i mate of  any demand reg ion or of  the nati on as a whol e .  

1 . 3 . 3  Water Resource Qual i ty 

I t  i s  expected that i mp l ementat ion  of the FUA wi l l  accel erate coal ml n l ng to the g reatest degree 
wes t of the M i ss i s s i pp i  and i n  cen tral ( Suppl y Reg i o n  2) and southern Appa l a c h i a  ( Supp l y  Region 3 ) .  
I n  central a nd sou thern Appal achi a ,  the maj or hazard posed to water qual ity and water use is 
sed imentati o n .  I n  the wes t ,  a maj or  concern i s  the distu rbance and/or contami nation o f  g round
water aquifers , w h i c h  are important to reg i onal water u s e .  T h e  other area of major  concern i n  
the west i s  the increase i n  l evel s o f  dissol ved sol i ds , i nc l u d i ng consti tuents s uch  a s  s u l fate .  
The major uncontrol l ab l e  hazard to water qual ity from coa l mi ning i s  the dra i nage o f  ac i d  ( and 
assoc i ated trace e l ements ) from abandoned underground mi nes . General l y ,  the FUA wi l l  not great ly  
acce l erate m i n i ng i n  areas w here acid drai nage i s  a major  prob l em .  There are  except ions , however; 
i so l ated i ns tances of a c i d  mine  dra i nage have been reported in central and southern Appa l achia , 
Col orado , and Montan a , where the FUA may prompt add i t i onal  mi n i ng of coa l . 

Impl ementati on of the FUA w i l l contri bute inc rementa l l y to ac i d  prec i pitation  i n  the eastern 
U n i ted States . Water basins occurring on igneou s  bedrock ( nonbufferi ng substrate)  of the Appa 
l ac h i a n  and Piedmont areas of North Carol i na and V i rg i n i a  may be i ncreas i ng l y  threatened by ac i d  
prec i p i tati o n . The Texas-Ok l ahoma-Kansas-Arkans as-M i s souri  area ( primari l y  Demand Reg i on V I ) ,  
where s tack emi s s i ons from the Texas Gu l f reg i on may eventua l l y be c l ean ed from the a i r  a s  rai n ,  
a nd where the pH of  prec i p i tation  i s  expected to be  moderatel y  l owered , i s  l es s  sens i tive to 
a c i d i f i ca t i on of s u rface water because of greater water hardness . Ac i d  prec i pitat ion  i s  expected 
to be min imal  i n  the East  Texas Gu l f  area , where s u rface waters are softer . 

Part i c ul ate combus tion emi ss i ons  and sol i d  wastes wi l l  resu l t i n  the i nc reased mob i l i zation of 
trace e l ements , a majo r  envi ronmental probl em of coal  u se in general . Many elements are mob i 
l i zed i n  combu stion wastes i n  amounts greater than those mob il i zed at natura l  weather i ng rates . 
I ncreases due to the proposed act i on are m i n imal , but the effect> from the addit ions  combi ned 
w i t h  the general trend to increased coal u se are not known . 

1 . 3 . 4 Land Use  

Land  u s e  i mpacts of  the proposed action  w i l l be  assoc i ated pri mari l y  with surface ml n l ng act i v i 
t i es and d i s posal  of  combu s t i on wastes . I t  i s  expec ted that by 1990 , surface mi n i ng wi l l  account 
for approximatel y 80 percent of the coal produced as a re s u l t of the FUA . The greatest i ncrease 
in m i n i ng activi ties re l at i ve to base case w i l l occur in Sup p l y  Reg i ons 3, 5 ,  6, and 3 .  During  
the peri od 1973-1 990 , an estimated 20 ,000 hectares ( 49 , 200 acres ) of l and wi l l  be d i sturbed 
d i rectly by s u rface mi n i ng and an equ i va l ent amount  may be d i s turbed i nd i rect l y for use  as 
roads , ra i l  l i nes , s torage , proces s i ng equ i pmen t , etc . Assumi ng a l i fe span of 40 years for 
each MFB I ,  a total of  1 33 , 000 h ectares ( 328 ,000 acres ) of l and may be d i s tu rbed by m i n i ng by the 
year 2020 as a resu l t  of  the FUA . Much of  the l and w h i c h  wi l l  be disturbed i s  present ly  used as 
rangel and and crop l and , al though forest l and wi l l  be affected in Appalachia ( Supp ly  Reg i ons  1 ,  
2 ,  and 3 ) . Coal mi ning of pr ime farml ands , especi al l y  i n  the wes t and mi dwest, coul d have seri ous 
impacts on reg iona l  agri c u l ture . However , the Surface Mine Control and Rec l amat ion  Act of  1977 
( P u b . L. 95-87 ) and regu l a t i ons for i mp l ementati on of  that Act ( Fed . Reg . 43 : 41 661 -41940 , 1973) 
s pec i fy str ict  s tandards for m i n i ng of prime farml ands , and req u i res recl amation  of  al l s urface-
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mined l ands to a product i v i ty equal to or g reater than product i v i ty before ml n l ng .  I t  i s  not 
pos s i b l e  to estimate the amo unt of prime farml and wh ich  wi l l  be mi ned as a resu l t  of the FUA 
s i nce the l ocations o f  m i nes which wi l l  produce the coa l are not known , and the nat i onal i nven
tory of prime farml and is not comp l ete . 

Assuming  that a l l ash  and scrubber s l udge produced by the combust ion of coa l burned as a resu l t 
of the FUA were d i sposed of by l andfi l l ,  an est imated 1 0 , 300 hectares ( 25 , 500 acre s )  of l and by 
1 990 and 69 , 000 hectares ( 1 70, 000 acres ) of l and over the l i fetime of the faci l i t i es wou l d  be 
requi red for waste d i sposa l . Up to 70 percent of  the wastes wi l l  be produced i n  Demand Reg ion 
V I ,  ma i nl y  a l ong the Gu l f  Coast of  Texas . S i nce this  area is  su rrounded by rice l ands con
s idered as  un i que farml ands by the So i l  Conservation Serv ice ,  wastes wi l have to be transported 
to the west and north for d i sposal . Most of the l and wh i ch wi l l  be u sed for d i sposal i s  present l y  
u sed as  rangel and and fores tl and . Rec l amat ion of  waste d i sposal s i tes may b e  poss i b l e  i f  suff i 
c i ent so i l  cover i s  u sed . Management and d i sposal of combustion waste materia l s  wi l l  b e  regu l ated 
under prov i s i ons set forth in the Resource Conservation and Recovery Act of 1 9 76 ( Pu b .  L. 94-580 ) . 
Land use impacts a s soci ated with  transportation , ons i te coa l storage and process i ng , and coa l 
combust ion are expected to be m in imal . 

1 . 3 . 5  Eco 1 og,Y 

1 . 3 . 5 . 1  Terrestria l  

The major terrestri a l  ecol og ica l  impact from coa l m l n l ng wi l l  be  i n  Supp ly  Reg i on 5 ( see F i g . 1 . 1 ) ,  
where surface m i n i n g  i s  the predomi nant method of extracti on . By 1 990 , approximatel y  1 600 hect
ares ( 4000 acres ) are expected to be d i sturbed annua l l y  by mi n i ng in Supply Reg i on 5 to meet 
coa l demand due to the FUA . Th i s  i s  approximate ly  one-ha l f  of the l a nd expected to be d i sturbed 
nati onal l y .  The primary hab i tats that wi l l  b e  affected are deci duous forests and grass l and s .  
After rehabi l i ta t i on of the mi ned l and , decades wi l l  b e  requ i red for recovery of the structure 
and comp l ex i ty of the mature fores t commun i t i e s .  Al though a much smal l er amount of  l and wi l l  be 
di sturbed in Supply Reg i on 6 ,  s urface m i n ing  does pose a threat to fl oodpl a i n  commun i t i es ,  wh i c h  
provide a l arge proport i on of  the b iot ic  d i vers i ty i n  that reg ion . Proper m i n i n g , fol l owi ng the 
Federal Su rface M i n i ng  Rec l amat ion and Enforcement Prov i s i ons , shou l d  reduce th i s  prob l em .  

Wastes from c l ea n i n g  o f  coal s hou l d  not i ncrease noticeab ly  above ba sel i ne l evel s .  Effects from 
i ncreased transporta t i on a s  a resu l t of the FUA are expected to be mi nor . Storage of  coal 
presents a probl em primari l y  for faci l i t ies  converting  from use of natura l  gas--the predomi nant 
fuel in Demand Reg i on V I .  More than 900 hectares ( 2 200 acres ) of l and may be pre-empted for 
storage p i l es in Reg ion VI by 1 990.  I n  rura l  areas , creat ion of storage pi l es cou l d  e l iminate 
wi l d l i fe hab i tat . Effl uents from the storage p i l es s hou l d  not pose a potent i a l  probl em i f  the 
pi l es are properly managed . 

I ncreased combustion emi s s i ons due to the FUA are not expected to be l arge enough  to pose a 
major th reat to terres tri a l  b i ota . The expected i ncrease i n  l ong -term gaseous pol l utant l evel s 
due to the FUA i s  wel l bel ow threshol d l eve l s  for i nj u ry during  chron ic  exposure of  most b iota . 
Non-vascu l a r  pl ants ( e . g . , l i chens and mosses ) may be adversel y affected i n  parts of Demand 
Reg ions IV and V I I ,  where the basel i ne pol l utant concentrat ions  are a l ready near thresho l d  l evel s .  
Pred i cted i ncrea ses i n  l evel s of part icu l ate pol l utants fa l l  wel l bel ow l evel s that can l ead to 
del eter i ous trace-el ement l oad ing of so i l s .  I ncreases i n  ac id  prec i p i tat ion due to impl ementa
t i ons of the act are not expected to i nf l uence terrestri a l  b iota to a noticea b l e  degree above 
ba sel i ne cond i ti ons . Loca l impacts from combus t i on emi s s i ons  may be more pronounced , but cannot 
be quan t i fied at  the programmatic  l evel beca use they are h i g h l y  dependent upon s i te-spec i f i c  
factors . 

Storage of wastes from emi ss i ons abatement practi ces wi 1 1  requ i  re space and wi l l  pre-empt bi ota 
from that space at  l east  temporari l y .  By 1 990,  as much as  761 - 1 1 54 hectares ( 1 901 -2851 acre s )  
of l and cou l d  b e  ut i l i zed each year i n  Reg i on V I  t o  store wastes co l l ected a s  a res u l t  o f  the 
FUA . Because l owl ands , when wetl ands frequently occu r ,  have been a ttract ive as  s i tes for waste 
storage and most of the wastes wi l l  be generated near the Gu l f  coasta l wetl ands , these b i otic  
commun i ti es may be  .affected by  the  i ncreased coal use . I t  wi l l  be possi b l e  to avo id  such prob l ems 
i f  waste i s  d i sposed of appropri a tel y ,  i n  accordance wi th current and proposed federa l regu l a t i ons . 

1 . 3 . 5 . 2  Aquatic  

On a nati onal bas i s , the  aquatic  eco l og ica l  impacts attr i bu tab l e to  the  FUA  are expected to  be  
m inor i n  compa ri son to  the impacts expected due  to  the  general  i ncrease i n  coa l u se .  However ,  
the FUA may create l ocal impacts , i nc l ud i ng b iot ic  effects resu l t i ng from hydro log i ca l  a l tera
t ions , sedimentati on , ac id  m i ne d ra i nage , a l ka l i ne dra i nage , nutrient enri chment ,  ac id  prec i p i 
tation , and trace metal prec i p i tation . Major l ocal b iot ic  effects may inc l ude habitat destruction , 
a l terations i n  commun i ty compos i t i on ( u s ua l l y  to fewer species ) ,  changes i n  product i v i ty ,  d i rect 
tox i c  effects on sen s i t i ve organ i sms , and b i oaccumu l at i on of toxi cants . The spec i fi c  effects 



1 - 9  

produced at  any g i ven l ocation  wi l l  depend o n  a n umber o f  s i te-spec i f i c  variabl es , i nc l ud ing the 
geol og i cal  nature of the s ubstrate mater i a l ; the p hysi cochem i s try of the water ; the b iot ic  
communit ies  present ;  t he  q uanti ty of  effl uents added to  the  water and  the durat ion and frequency 
at wh ich  they a re added ; and the other s tresses imp i ng i ng on the system . In general , the most 
severe impacts wi l l  occur i n  pr i sti ne soft-water env i ronments , wh i ch i nc l ude many mounta i n  
s treams and bogs and l akes l ocated i n  mountai ns o r  o n  i g neou s  bedrock .  The reg i ons  of  the 
country expected to i ncur  the greatest aquati c  ecol o g i ca l  impacts from coal m i n i ng and proces s i ng 
a s  a resu l t of the FUA are central ( Supply  Reg i o n  2 )  and southern Appa l ac h i a  ( Supply Reg i o n  3 ) , 
the Northern Great P l a i n s  ( Supp ly  Reg i on 6 ) ,  and Texas ( Supply Reg ion  5 ) . Coal combustion effects 
( a s  they rel a te to changes i n  water qual i ty )  probabl y wi l l  be most severe i n' southern Texas . 

1 . 3 . 5 . 3  Endangered Species  

Vari ous  acti v i t i es i n  the  coa l fuel  cycl e can  l ead to  des truct i on of bioti c habi tat or the 
emis s i on of  tox i c  s ubstances . I ncreased demand for coal under the FUA can , then , i ncrease the 
potent ia l  for del eteri ous  i mpact upon endangered s peci es and the i r .habi tats . The species  that 
may be affected wi l l  be determi ned i n  s ubsequent NEPA compl i ance documents on a s i te-spec i f i c  
bas i s  f o r  exempti ons where appl i cabl e .  Combustors n o t  reques t i ng a n  exemption s ti l l  m u s t  apply 
for and recei ve perm i ts from the appropri ate regu l atory agenc i es .  The effects on endangered 
spec ies  wi l l  be eval uated at the s i te-spec i fi c  l evel and appropri ate procedures fol l owed even 
i f there i s  no NEPA document. Spec i es i n  the Gu l f  states , northern Great P l a i ns , and southern 
Appa l ac h i a  wou l d  have the h i ghest probab i l i ty of bei ng affected by the proposed act i on . Proper 
s i ti ng cons i derat ions and management of toxi c  emi s s i ons s ho u l d  amel i orate impacts upon endangered 
s peci es from the i ncreased acti v i ty i n  the coal fuel cyc l e  i n  response to the FUA . 

1 . 3 . 6  Socia l  and  Economi c  Impacts 

The g reatest socia l  and econom i c  impacts a re expected i n  the Northern Great P l a i ns area ( Supply  
Reg i on 6 )  and  Texas ( Supply  Reg i on 5 ) .  Texas coal  production  is  estimated to  i ncrease the 
g reatest amount ( 4 1  percent)  due to the program . W ith  only three m i ne s  operat ing i n  Texas , coal 
mi n i ng i s  not currentl y resul t i ng i n  s ig n i ficant soc ia l  impacts .  I t  i s  estimated that i n  the 
Northern Great Pl a i n s ,  product ion  wou l d i ncrease 25 percent due to the FUA . Certa i n  counti es 
where coal m i n i ng i s  now extens i ve woul d  be subjected to i ncreased stra i n  to accommodate new 
m i g rants . By anal ogy , a rapi d  i ncrease i n  coal production i n  Texas  may produce boom town effects 
s im i l ar to those i n  the Pl a i ns state s ,  but these impacts are associ a ted onl y  in part w ith  the 
FUA . More i nforma t i on on the cost of the FUA can be o btai ned in t h i s  document : Ana l ys i s  of 
Proposed U . S .  Department of Energy Regul ations  Impl emen t i ng the Powerp l ant and I ndustr i a l  Fuel 
Use Act ,  DOE/ E IA-01 02/21 , Energy I nformation  Admi n i s trati on , November 1 978 . 

1 .3 . 7  Heal th Effects 

I n  the eval uat i on of human heal th effects from i ncreased i ndustr i a l  coal u se ,  the occupati onal 
and general popu l at ion  i mpacts from sel ected components of the coal fuel cyc l e  were def i ned . 
The fuel cycl e  components chosen for th i s  analy s i s  were extracti on , . c l eaning , transportat ion ,  
combustion  and  d i sposal . The  hazards from each component , excl udi ng combustion  and  d i sposal , 
were then expressed i n  terms of the fatal and nonfatal acci dental i nj u ry and d i sease whi c h  wou l d  
occur i n  exposed popu l at i ons  duri ng the program years  of  1 985 and 1 990 . Potential  heal th effects 
from i ncreased combust ion emi ss ions  and waste d i sposal were recog n i zed and di scussed in general 
terms , but not quant if ied due to the uncerta i nty whi c h  exi sts  i n  pred i ctive estimate s .  

On a national bas i s ,  i ncreased coal u s e  as  a resu l t of the FUA i s  expected to resu l t i n  41  fatal 
and 1 300 nonfatal i njuri es i n  1 985 and 78 fatal and 2463 nonfatal i nj ur ies i n  1 990 from extrac
t i on , cl ean i ng , and transportat i on .  I n  th i s  ana lys i s ,  each o f  the ten demand reg i ons was asses sed 
i nd i v i dual l y  for i mpac ts expected to res u l t  from spec i f ic  coal requi rements . 

The three supply  regions  i n  wh ich  a majority of program-rel ated i mpacts wou l d  occur are Supply 
Reg ions  2,  5,  a nd 6 .  The l ong-d i s tance transportation  requi rements for Demand Reg i ons  VI  and I X  
wi l l  resu l t  i n  g reater acci dental i nj ury for both the occupational popu l ation  ( ra i l road worker s )  
and general popu l at ion  ( h ig hway g rade cross i ng acci dents and rai l  r i g ht-of-way acc i dents ) .  

1 . 4 ENVI RONMENTAL TRADE-OFFS OF THE PROPOSED ACT ION 

The nati onal cons�quences of i mpl ementi ng the proposed action wi l l  be l argel y undi scerni bl e  to 
the general publ i c .  O n  a sma l l er scal e ,  parti cul arly  l ocal , they may be s i g n i f i cant . The 
quant i fiabl e i mpacts a re g i ven in Tabl e 1 . 3 ,  a l though the quanti f iab le  impacts are not neces

, sa r i l y  the more s i g n i ficant ones . The proposed action i s  des i g ned to meet appl i cabl e env i ron
mental req u i rements ;  the i denti f i a bl e spec i f i c  impacts and the envi ronmental trade-offs wi l l  be 
quanti fi ed and assessed i n  s i te-spec i f i c  envi ronmental anal yses , where appl i cabl e .  Because 
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Tabl e 1 . 3 .  Summary o f  Envi ronmenta l Impacts o f  the FUA 

Envi ronmenta l Cons ideration 

Land Use 

M i n i ng , waste proces s i ng 

Coa l storage and o n s i te process i ng 

Combu stion wa ste d i sposal 

A ir  Pol l utants 

Total em i ss i ons  
S02 
NOx 
Part i c u l a tes 

Annual  i ncrementa l increase in 
amb ient air qual i ty (max imum) 

S02 
NOxa 
Pa rti cu l ates 

Combustion Wastes 

Scrubber s l udge 

Fly ash  

Water Use  

M i n ing  

M i n i ng waste d i sposal 

Rec l amat ion i rrigation 
( Supply Reg i on 6 on ly )  

Hea l th Effects 

M i n i ng and c l eaning 
Fata l Hies  
Nonfatal injuries  

Transportation  
Fatal i t ies  
Nonfatal injuries  

Combu st ion 

aThe knowl edge of a tmospheric chemi stry o f  NOx 
perm i t  rel i a b l e resu l ts from model i ng .  

b Inc l udes acci dents and d i sease . 

Impact ,  
1 990 (max imum year )  

3 300 hectares 
(8 1 5 1  acre s )  

1 900 hectares 
( 4693 acres ) 

1 700 hectares 
( 4255 acre s )  

1 .  2 x 1 06 ton 
0 . 7  x 1 06 ton 
0 . 1 x 1 06 ton 

2 . 5  Ilg/m3 
a/ 
1. 5  Ilg/m3 

23 . 6  x 1 06 ton 

28 . 9  x 1 06 ton 

5- 1 9  x 1 08 ga 1 

1 0  x 1 08 ga l  

6 x 1 08 ga 1 

1 6b 

1 070 

62 
1 394 

i s  not suffic ient to 

cCoal -combustion-re l a ted hea l th effects cannot be accurate l y  quant i 
f ied at  th i s  t ime ( see Sec . 5 . 9 . 5 ) .  
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Ta b le  1 . 4 .  Def i n i t i on o f  Pos i ti ve and Negat ive Impact Rat i ng s  

Pos i t i ve Impacts 

Benefi t  has some rel ation s h i p  to fuel 
u s e ,  but cannot be l i nked to s i te
spec i f i c  coal u se .  

Benefi t i s  only part ia l l y  obta i ned 
by a l teri ng f uel  u s e ;  benefi t  a l so 
depends on many other factors unre
l ated to the FUA.  Benefi t  can be 
l i n ked to s i te-spec if ic  coal  use.  

Benefi t  i s  obta i ned primari ly by 
c hang i ng the way fuel s are u sed i n  
the nation ' s  i ndustries ; benef i t  
can b e  l i n ked t o  s i te-spec i f i c  
coal use .  

Negative  Impacts 

Impact i s  genera l l y  known to be l i n ked 
to coal ut i l i zat ion ,  but no s i te
spec i f i c  use wi l l  cause a not i ceabl e 
or measurabl e impact .  

Impact can be  l in ked to  a s i te
spec i f i c  reduction in envi ronmental 
qua l i ty ,  whi c h  may not be noti ced by 
the pu bl i c  but can be cal cu l a ted or 
mea sured . 

Wi l l  v io l ate exi s t i ng or future 
nati onal pol l utant standards ( a i r ,  
water ,  o r  sol id  waste ) .  Impact i s  
d i scerni bl e at the l ocal  l evel . 

quanti f i ed impacts wi l l  be a ssessed , the env i ronmental cons iderations presented i n  Tabl e 1 . 3 are 
summari zed d i fferentl y than t he prog rammatic  trade-offs presented in Tabl es 1 . 4 and 1 . 5 .  Thi s 
separate presentation refl ects the concl us ion that the quant i ti es presented i n  Tabl e 1 . 3 are not 
the measure of the acceptabi l i ty of  the FUA.  Rather , the quanti t i es presented refl ect a measure 
of magni tude of the program i n  terms of total quant if ia bl e env i ronmental impact s .  

The trade-offs of  t h e  FUA represent d i sparate posi t i ve and negative impact s ,  w i t h  the envi ron
mental impacts being l arge ly  negati v e .  The impacts of coal m i n i ng , combust ion , and waste d i s 
posal wi l l  u l t imatel y occur regardl ess  of t h e  proposed action .  T h e  primary resul t of the 
proposed action i s  accel eration of  t hese i mpacts to the 1 980s and 1 990s rather than duri ng a 
l ater period when gas and o i l  s hortages and i ncreased pri ces m ight force substi tution to al ter
nate fuel s .  

Ri s i ng pri ces of o i l  and gas woul d  eventua l l y  encourage sUbsti tution of other fuel s regardl ess  
of the FUA.  W ith  only vol untary substitutions , the nation woul d be more vul nerabl e to o i l  
embargos ,  natural g a s  c urta i l ment , and pl ant c l o s i ng s  than i t  wou l d  without a mandatory program 
in the period from 1 978 to 1 990 . 

Through the FUA , t he socia l  and env i ronmental costs a s soci ated with  i ncreased use  of coal can be 
cons i dered exp l i ci tl y .  I f  domest i c  natural gas and o i l  pri ces  rema i n  bel ow worl d l evel s over 
the next few years , the program can force s ubsti tution wi thou t  the cons umer payi ng for i nc reased 
general fuel pri ces  that wou l d  occur a s  a resu l t of immed i ate price i ncreases throug h taxes and 
natural  gas deregu lation . Al thoug h the p r i ce of natural  gas wi l l  be deregul ated in 1 987 , it may 
conti nue to have other forms of regu l ation after 1 987 . The cost a s sociated with fuel substitution 
wi l l  be much l es s  than the cost to soc i ety of accepti ng a general i ncrease i n  o i l  and. gas price s .  

The impact rati ngs  i n  Ta bl es 1 . 4 and 1 . 5 a re based o n  the fact tha t  Na tional  Ambi ent A i r  Qua l i ty 
Standards wi l l  not be v iol ated as a resu l t  of the program e ither cumu l at ively ,  at the nati onal 
or reg i onal l evel , or l ocal l y  at a s pec i f i c  s i te .  Because both present and future appl i cabl e 
env i ronmental s tandards wi l l  be met , the FUA wi l l  not resu l t i n  " s i gn if icant" impacts reg i ona l l y  
or  l oca l l y .  For th i s  reason , SOx and parti cu l ate emi s s i ons , s l udge , and was tewater effl uents 
were not g i ven " s i gn i f i cant" rati ngs in Ta bl e 1 . 5 . 

The rati ng a s s i gned to hea l th effects resul t i ng from impl ementat i on of the FUA represents a 
d i fferent k i nd of probl em .  Nat i onal Amb i ent Air Qua l i ty Standards are based o n  known heal th 
effects of a i r  pol l utants , but hea l th impacts can be assumed to occu r  due to i ncreased a i r  
pol l ut ion even whi l e  standards are bei ng met .  The i ncreased hea l t h  damage may even be quant i 
f i ed i f  an adequate model of  human hea l t h  response can b e  found and i f  l i near extrapo lat ion i s  
warranted . Becau se the i ncrease i n  a i r  pol l ut ion i s  on ly  a smal l i ncrement over ba se-case coa l 
use , the FUA program i s  not expected to contr i bu te noticeably  to the overa l l  r i s k  to heal th from 
coa l combust ion .  

I n  the FUA , t he  nati onal objective  of  decreased dependency on imported fuel i s  combi ned wi th  the 
l eg i s l at i ve des i re to ach i eve such  sel f-suffi c i ency in a manner that m in im izes the env i ronmental 
and soc i a l  costs . These o bj ec ti ves are cons idered suff ic i ently  fl exi bl e in the i r  achi evement a s  
to ensure that the env i ronmental impacts a r e  acceptabl e .  The envi ronmental considerations 
l i sted i n  Tab les  1 . 3 and 1 . 5 and the pol i cy options d i scussed in Sec tion  1 0 . 3  i l l ustrate the 
bas i s  for making t rade-offs in each  s i te-spec i f i c  convers i on or exemption .  
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Tab l e  1 . 5 .  Nati ona l FUA Program-rel ated Trade-offsc 

Pos i t i ve Impacts Negat i ve Impacts 

Impact 

Increased na ti onal sel f
suffi c i ency i n  fue l  use 

Extens i on of domest ic  o i l  and 
ga s suppl ies  

Increased f l ex i b i l i ty i n  natu
ral gas curta i l ment dec i s i ons 
with natural  gas reserved fo� 
priorit y  uses 

Improved bal ance of trade 

Reduced pres sure on the va l ue 
of the do l l ar rel a t i ve to 
other currencies 

Fore ign  rel ations  benefi t  
resul t i ng from demonstration  
of a national energy pol i cy 

Encouragement of use  of fuel s 
wh i c h  otherwi se m ight  have 
been d i scarded as waste prod
ucts ( pu l p ,  bark , mun i c i pa l  
wa ste , b l ack  l i quor , bagasse )  
i n  certa i n  i ndustr i es 

Encouragement of use of 
advanced coa l combust ion 
technol ogy 

Reduced frequency of o i l  
sp i l l s  of  smal l magni tude 

Increased empl oyment 

Rati  ng 

D i scern i bl e 

D i scern i bl e 

S i g n i f i cant 

D i scern i bl e  

M i n i mal  

M i n ima l 

D i scern i b l e  

S i g n i f i cant 

M i n imal 

M i n imal 

Impact 

Increased pa rt i c u l ates and S02a 

I ncreased sul fate l oading  to 
water 

Increased sol i d  waste and 
scrubber s l udgeb 

Increased coal p i l e  and 
wastewater effl uentsb 

Increased rel ea se of trace 
el ements from coal combustion 

Increased use of water 

Increased soc i a l  impacts 
rel ated to coa l m i n i ng 

Increased hea l th r i s k  

I ncreased costs to the 
consumer 

Increased impacts due to coa l 
rel ated l abor stri kes when 
they occur i nc l ud i ng transpor
tation of coal 

Accel erated deprec iat ion of 
cap i ta l  a ssets and cost of  
generati ng el ectri c i ty and 
steam from spec i f i c  fac i l i t i es 

Increased stoc kp i l i ng prob
l ems 

Loss of wi l d l i fe hab i tat 

Permanent d i s turbance or 
commi tment of l and due to 
m i n i ng 

Rat ing  

D i scern i bl e 

Discern i bl e 

Di scern i bl e  

D i scern i bl e 

M i n ima l  

M i n ima l 

M i n ima l 

M i nima l  

M i n imal 

M i n ima l 

Di scern i b l e  

M i n ima l  

M i n imal 

M i nima l  

Increased emi s s i ons o f  hydro- M in imal 
ca rbons , NOx , and CO 

Increased damage from acid  ra i n  M i n ima l  

Increased occupati onal  hea l th M i n ima l  
r i s k  d u e  to mi n ing  

aV i ol at ion of Nat i ona l  Ambient  Ai r Qua l i ty Standards wi l l  n ot  be  permi tted under t he  proposed 
act i on .  

bEach potentia l  fuel subst i tut ion  must meet appl i cab l e envi ronmental reg u l ations  and wi l l  be 
subject to future standards as they become l aw.  

cThe trade-offs presented in  t h i s  tab l e a re g enera l national  trade-Offs ; there wi l l  a l so be 
s i te-spec i fic  impacts . 
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As  noted in  Tabl e 1 . 5 ,  one  of the s i gn i f i cant pos i t i ve impacts of the FUA i s  i ncreased fl ex i 
b i l i ty i n  deci s i ons regardi n g  natural gas curta i l ment i n  the pri or ity u s e  o f  natura l  gas . A 
second s i gn i f i cant pos i t i ve i mpact i s  the encouragement of advanced coal - combust i o n  technol ogy 
as o l d  u n i ts are reti red , and as efforts are made to meet i ncreas i ng l y  s tri ngent s tandards for 
a i r  emi s s i ons . I t  can be d i scerned on a s i te-spec i f i c  bas i s  that spec i fi c  fuel sub s t i tuti ons 
a l ter fuel  use , res u l t i ng in nati ona l sel f-suffi c i ency ,  extens i o n  of natural gas and o i l  supp l i es ,  
decreased bal ance-of-trade defi c i t  attri butab l e  to i mports , and greater use  of waste products 
such a s  bark , pu l p ,  and mun i c i pal  waste . These � pos i t i ve impacts wi l l  be traded off for the 
negati ve i mpacts of part i c u l ate , water , and S02 emi ss i ons and s u l fate effl u ents that may be 
s i gn i f i cant in that they have the poten t i a l  to v i o l ate e x i s t i ng a i r and water qua l i ty s tandards  
in  some l ocal i t i e s . Exi s t i ng s tandards cou l d  al so be  v i o l ated i n  the di s posal  of sol i d  waste 
s uch  as ash and s crubber s l udg e ,  and wastewater effl uents attri butab l e  to a c i d  m i ne dra i nage , 
coal p i l e  runoff , and d i scharges of effl uents at coal c l ean i ng s i tes . Each of the negat i ve 
i mpacts wi l l  be eval uated as to whether i t  v i o l ates ex i st i ng nati onal s tandards or future 
nati onal s tandards (when they are promul gated i nto l aw ) . I mpacts wh i c h  v i ol ate nati onal a i r  and 
water qual i ty s tandards ( U s i gn i fi cantU i mpacts ) wi l l  not be  permi tted to occur . Moreover , s tate 
and l ocal app l i cabl e envi ronmental requ i rements wi l l  be eval u ated as wel l .  In the case of a i r  
pol l ut i on , an unmi t i gatab l e  v i o l at ion o f  s tate s tandards wi l l  b e  s uffi c i en t  t o  prevent fuel  
substi tut i on . Other u d i scern i b l eu negati ve  impacts traded off wi l l  be a l ocal l y  not i ceab l e  
i ncrease i n  coa l  tru c k  movement at  some s i tes and earl y  reti rement of  some ex i s t i ng i ndustrial  
boi l ers . I n  a l l cases fuel  subst i tution  must be i n  compl i an ce w i th a i r ,  water and al l other 
appl i cabl e envi ronmental s tandards . 

Comments on the draft envi ronmental i mpact statement were renuested from the fol l owing : 

Federa l Agenc ies  

Department of Ag r i c u l ture 
Department of Commerce 
Department of Defen se 
Departmen t  of Hea l th ,  Educati on and Wel fare 
Department of Hou s i ng and Urban Devel opment 
Department of the I nter i or 
Department of Labor 
Departmen t  of S tate 
Departmen t  of  Transporta t i o n  
Department of t h e  Treasury 
Appa l a c h i an Reg i ona l  Commi s s i on 
Adv i sory Coun c i l on H i stor i c  Preservation  
Envi ronmental Protection  Agency 
Federal Energy Reg u l a tory Commi s s i on 
I nterstate Commerce Ccmm i s s i on 
Nati onal Sc i ence Founda t i on 
Nuc l ear Reg u l a tory Commi s s i on 
Off i ce of Management and Budget 
Tennessee Val l ey Author i ty 
U . S .  Army Corps of Eng i neers 

State Governments 

Governors of the Un i ted States 
S tate C l ear i ng houses  

Other Part i e s  

Ai r Pol l ut i on Control Asso c i a t i on 
Ameri ca n  Conservati on Assoc i a ti on 
Amer i can Forestry Assoc i at i on 
Ameri can Gas  As soc i a ti on , Inc . 
Ameri can M i n i ng Congress 
Ame r i ca n  Petrol eum Inst i tute 
Audubon Natural i st Soc i ety 
C l amshe l l Al l i ance 
Conservat i on Foundati on 
Edi son El ec t r i c  Insti tute 
E l ectr i c  Power Researc h I n st i tute 
Envi ronmental Acti on Founda t i on 
Envi ronmental Defense Fund , Inc . 
Env i ronmental Law Inst i tute 
Fri ends of t he Earth 



I ns t i tute of Gas Tec hno l ogy 
I nterstate Natura l Gas Assoc i a tion  of America 
I za a k  Wa l ton League of Amer i ca 
League of Women Voters 
Nat i on a l  Assoc i at i on of Cou n t i es 
Nati ona l Audu bon Soc i ety 
Nat i ona l Coal Assoc i a t ion  
Nat iona l  League of C i t i es 
Nati ona l Parks and  Cons erva t i o n  Assoc i a t i on 
Nat i onal  W i l d l i fe Federa t i on 
Natural Resources Defense Co unc i l , I nc . 
S i erra Cl u b  
Soi l Conserva t i on Soc i e ty of  Ameri ca 
U . S .  Conference of Mayors 
Water Po l l ut i on Contro l Federa t i o n  
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Th i s  document was made ava i l a b l e to the U . S .  Env i ronmenta l Protec t i on Agency a n d  to the publ i c  
i n  April 1979 . 



2 .  D ESCR I PT I ON OF THE PROPOSED ACT I ON 

Sec t i o n  2 i s  a desc ri pt i on of the proposed a c t i o n - -the coa l and  a l terna te fuel  use pro gram as  
a uthor i zed by  the  Powerp l a n t  a n d  I n d u s t r i a l  Fue l  Use Act  of 1 978 ( FUA ) Pub l . 95-620 . Sect i o n  
2 . 1  i s  a general descri p t i on of  t h e  proposed act i o n .  Sec t i on 2 . 2  i s  a desc r i pt i on o f  the overal l 
n a t i o na l  energy ob ject i ves a s  set fo rth i n  the FUA. The short- and  l ong-term benefi ts of the 
proposed act ion  a re descr i bed i n  Sec t i on 2 . 3 ,  �nd the proposed program i s  contra sted w i th other 
federal  a c t i v i t i es , part i c u l a r l y  those rel a t i ng to env i ronmenta l regul a tory prog rams and pol i 
c i es ,  i n  Sec t i on 2 . 4 .  Sec t i on 2 . 5  i s  a de scr i pt i o n  of the scope and assumpt i on s  of t h i s  envi ron 
men t a l  i mpact sta teme n t .  

2 . 1  T H E  P ROPOSED ACT I O: 1  

The proposed acti on  is the i s s uance of reg u l at i ons to i mp l ement the FUA , a Congres s i ona l l y  man
dated program proh i b i t i ng the con s truct i on of new powerp l ants w i thout the capab i l i ty for ut i l 
i z a t i on of coal  or a l ternate fuel s and proh i b i t i ng the use o f  natura l gas  or petrol eum a s  the 
pr imary energy source i n  new powerpl a n t s  a nd  MFB I bo i l ers . The Department of  Energy ( DOE ) may 
g rant exempt i ons from these p ro h i b i t i ons to burn  o i l  or natura l  ga s .  The FUA exc l udes certa i n  
exempt i ons from the app l i ca t i on o f  NEPA ; t h e  rema i n i ng exempt i ons wi l l  b e  subject to NEPA 
rev i ew .  I n  add i t i o n , other exempt i on requests wi l l  recei ve appropr i ate env i ronmental rev i ew .  

An e l ectri c powerpl ant i s  any stat i ona ry el ectri c generat i n g  u n i t  cons i s t i n g  o f  a bo i l er ,  a ga s 
t u rb i ne , or a combi ned-cycl e un i t w h i c h  produces el ectr i c  power for sa l e or exchange . T he FUA 
a ffects s i ng l e un i ts of MFB I s  and powerp l ants wi th a fuel  i n put heat rate of 1 00 mi l l i on Btu ' s  
per hour or greater  or an ag gregate heat i n put ra te for two or more uni ts of  250  mi l l i on Btu ' s  
per hour o r  greater . 

The term major  fuel - burni ng  i n s t a l l a t i on mean s  a stati on a ry un i t  cons i st i n g  of a boi l er ,  gas 
turbi ne un i t ,  comb i ned-cycl e un i t ,  or i nternal  combust i on eng ine  whi c h  has a s i ngl e-u n i t  fuel 
heat i n put rate greater than 1 00 mi l l i on Btu ' s  per hour or a combi ned-un i t  fuel heat i nput rate 
greater than 250 mi l l i on Btu ' s  per hou r .  

The proposed regul a t i on s  s pec i fy el i g i b i l i ty cri te r i a  and  a ppl i ca t i o n  procedures for exempti ons . 
Fac i l i t i e s  p l ann i n g  to combust  coal  o r  an a l ternate fuel  do not need to a ppl y for exempt i on s  
u n d e r  the  program. 

2 . 1 . 1  Des cr ipti on of  the Projlosed Act� 
The purposes of FUA , whi c h  s hal l be carri ed out i n  a ma nner co ns i s tent w i t h  appl i ca b l e envi ron
men tal  req u i rments , are : 

To reduce the importa t i on of petro l eum dnd  i nc rease the n a t i o n ' s  capabi l i ty to use i n d i ge
nous enerqv resources of the Un i ted States to the extent such reduc t i on and use further the 
goal  of n�� i on a l  energy sel f-suff i c i ency and  otherwi se a re in  the best i n terests of the 
U n i ted Sta te s .  

T o  con serve natura l  g a s  a nd petrol eum for uses , other tha n the el ect r i c  u t i l i ty or  other 
i nd u s t r i a l  or commerc i a l  genera t i on of  steam or el ectri c i ty ,  for wh i c h  there a re no fea s i bl e  
a l ternate fue l s or raw mater i a l  s u bs t i t u tes . 

To encouraqe  and  foster the  g reater u s e  of coal  and  other a l ternate fuel s ,  i n  l i eu of 
ndtura-! ga ;, and  petro l eum,  a s  a pr ima ry energy source . 

To the extent  permi tted by the Ac t ,  to encourage the use of synthet i c  gas  deri ved from coa l 
or other a l ternate fuel . 

To encourage the reha b i l i ta t i o n  a : 1d upgrad i ng of ra i l road servi ce a nd equ i pment necessary 
to tran sport coa l  to reg i o ns or s ta tes wh i c h can  use coa l i n  g reater quan t i t i es . 
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To  pro h i b i t  o r , a s  appropr iate , m i n i m i ze the  use  of natural gas  and petrol eum a s  a primary 
energy source a nd to conserve such  gas  and petrol eum for the benefi t  of present or future 
generat i on s .  

' 

To encourage the modern i za t i on or rep l acement of ex i st i ng and new el ectr i c  powerp l ants  and 
maj or fue l -burn i ng i ns ta l l a t i ons wh i c h  use  natura l  gas or petro l eum a s  a pr imary energy 
source and wh i c h  cannot use coal or  other al ternate fuel s ,  where to do so  fu rthers the 
conserva t i on of natura l gas  and petrol eum. 

To req u i re that exi s t i ng and new e l ectr i c  powerpl ants and maj or fue l - burn i ng i nsta l l a t i ons  
wh i c h  use natura l  gas , petrol eum , or coa l or other a l ternate fue l s pursuant to  the  Ac t 
compl y wi th app l i cabl e env i ronmenta l req u i rements . 

To i nsure that a l l federa l a genc i e s  u t i l i ze the i r  a u thori t i es fu l l y  i n  furt herance of the 
pu rposes of the Act by carry i ng out programs des i gned to pro h i b i t  or  d i scourage the use of 
natural gas and petrol eum as a prima ry energy sourc e ,  and by ta k i ng such ac t ions  as l i e 
w i t h i n  t he i r  author i t i e s  to maxi m i z e  the eff i c i ent use  of energy and conserve natura l  gas  
and petrol eum in  programs funded or  carried out  by such  agenc i e s .  

T o  i nsure that  adequate s u pp l i es o f  natural g a s  a re a va i l ab l e  for essen t i a l  agr icu l tural  
uses  ( i nc l u d i ng c rop dry i ng , seed d ry i ng ,  i rr i ga t i o n , fert i l i zer produc t ion , and product ion 
of essen t i a l  fert i l i zer i ngred i ents  for such  u ses ) .  

To reduce the  v u l nerab i l i ty of t he Uni ted States to energy supp ly  i nterrupt ions . 

To reg u l a te i ntersta te commerce .  

The exempt ions  wh i c h  are pos s i b l e  under the FUA a re expected to b e  requested primari l y  for new 
fac i l i t i e s  rather than exi st i ng fac i l i ti e s  s i nce  other procedure s  ex i st for rebuttal of a pro
posed proh i b i t i on order to exi s t i ng fac i l i t i es .  Temporary and permanent exemptions  may be 
g ran ted by DOE .  Tempo ra ry exempt i ons  are effect i ve for a per i od of up  to f i ve years . Some 
temporary exempt ions  may be extended for an add i t i onal f i ve  years . Permanent exempt ions  a re 
effec t i ve for the l i fetime of the  fac i l i ty .  The FUA prov i des for numerous mandatory and d i s 
c retionary exempti ons . Mandatory exempti ons  are those wh i ch the Depa rtment of  Energy must grant  
if  the  app l i cant  proves to  the  Department ' s  sati sfac t i on that  the  fac i l i ty meets the  requ i red 
e l ig i b i l i ty c r i teria . D i sc re t i onary exemptions  are those wh i c h  the Department of Energy may 
g rant  i f  s uch  an exemption i s  determi ned to be con s i stent w i th the purposes of the Act .  The 
DOE has  d i screti on regardi ng the c r i te r i a  for prov i n g  e l i g i b i l i ty fo r a prospec t i ve mandatory 
exempti o n .  The bas i c  exemp t i ons  i nc l uded i n  the  FUA a re presented bel ow. 

1 .  New Fac i l i t i e s : Tempora ry , Manda tory 

a .  Genera l 

An a l terna t i v e  fuel  s upp ly  i s  not a va i l ab l e except a t  a cost wh i c h  " s u b
stan t i a l l y "  exceeds the cost of u s i ng imported petrol eum.  

One o r  more s i te l im i ta t i ons  ex i st wh i c h  wou l d  not perm i t  the l ocation  
or  opera t i on of a fac i l i ty w i t h  coal  or a l ternate fuel  capa b i l i ty .  

Proh i b i t i ons  cannot be sati sfied wi thout v i o l a t i ng appl icab l e envi ronmental 
requ i rements . 

b .  Synthet i c  fuel s w i l l  be u s ed i n  the future . 

2 .  New Fac i l i t i e s :  Tempora ry , D i scret ionary 

a .  The exempt i on i s  i n  the pub l i c  i nterest and cons i stent w i t h  the pu rpose of the 
Ac t .  

b .  For  MFB l s  w i th capac i t i es l ess  than 300 mi l l i o n  Btu ' s  per hou r ,  i f  coa l  or 
a l terna te fue l s  wi l l  be u sed in a mi xture for at l ea s t  75 percent of the time 
upon exp i ra t i on of the exempt ion . 

3 .  New Fac i l i t i es :  Permanent , Mandatory 

a .  Genera l 

The exemptions  a re those l i s t�d i n  l a ,  and an addi tional  exemp t i on i f  the 
requ i red use of coal or  a l ternate fuel wou l d not a l l ow the pet i t i oner to obta i n  
adequate cap i ta l  for f i nanc i ng o f  the fac i l i ty .  
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b .  The fac i l i ty cannot tota l l y  combust  coal o r  a n  a l terna te fuel , but can combust  a 
mi xture . I n ' such  a case , fuel mi xtures are permi tted . 

c .  Emergency u se i s  the on ly  purpose the faci l i ty i s  p l anned for and use of coa l or 
a l ternate fuel s , wi l l  not sati sfy the need . 

d .  The powerpl ant wi l l  be u sed for pea kl oads on ly  and , i n  the case of natura l gas , 
the u se of coa l or  a l ternate fuel s wou l d cause or  contri bute to a v io l ation  of 
the Nati ona l Ambient Ai r Qual i ty Standards ( NAAQS) .  

e .  For MFB l s , the use  o f  coal  o r  a l ternate fuel s i s  not techni cal l y  fea s i b l e  to 
ma i nta i n  product q ua l i ty or  p rocess requi rements . 

4 .  New Fac i l i t i es :  Permanen t ,  Di screti onary 

a .  State o r  l ocal  requi rements wh i c h  are not bu i l d i ng , zoni ng ,  o r  nui sance ordi nances 
precl ude the u se of coa l or  a l ternate fuel s .  

b .  The benefi t s  qf cogeneration  cannot be obtai ned u s i ng coal  or  a l ternate fuel s .  

c .  Rel i a bl i ty of service  wi l l  b e  impa i red i f  t h e  exemption  i s  n o t  g ranted . 

d .  Intermed i ate - l oad powerpl ants wi l l  b e  constructed f o r  repl acement o f  u n i ts of 
equ iva l ent capac i ty i n  nonatta i nment area s .  

e .  A n  exempti on i s  needed t o  meet schedul ed equ i pment outages . 

5 .  Ex i st i ng Fac i l i t i e s : Temporary , Mandatory 

a .  General 

The exemptions  are those l i sted in l a o 

b .  Synthetic  fuel s wi l l  b e  u sed upon expi ration of the exemption . 

c .  T he use o f  i nnovati ve technol og i e s  wi l l  b e  feasi bl e  upon exp i ration o f  the 
exempt ion .  

d .  Un i ts are bei ng reti red on or before the  date of exp i rat ion of  the  exempti o n .  

e .  T he powerpl ants wi l l  b e  u sed for peak l oad u s e  onl y .  

f .  Rel iab i l i ty o f  powerpl ant service wi l l  b e  impa i red if  t h e  exemption  i s  n o t  g ranted . 

6 .  Ex i st i ng Faci l i t i es :  Temporary , Di screti onary 

a .  T he exemption  i s  i n  the pub l i c  i n terest  and cons i stent wi th  the purposes of the 
Act .  

7 .  Exi st i ng Fac i l i t i es :  Permanent , Manda tory 

a .  General 

The exempti ons are those l i s ted in l a o  

b .  The faci l i ty cannot tota l l y  combust coal o r  a n  a l ternate fuel , but  can combust  a 
mi xture. I n  suc h a case , fuel mi xtures are permi tted . 

c .  Emergency u se i s  the on ly  purpose the fac i l i ty i s  pl anned for and coa l o r  a l ter
nate fuel s wi l l  not sati sfy the  need . 

d .  T he powerpl ant wi l l  be u sed for peak l oads only and re l iabi l i ty of service  wi l l  be 
impa i red if the exempti on i s  not g ranted. Mod if i cation i s  techn i ca l l y  i nfeas i bl e  
or wou l d  resu l t  i n  unreasonab l e expense .  

e .  For  MFB l s ,  u se of coal or  a l ternate fuel s i s  not  techn ica l l y  fea s i b l e  to ma i nta i n  
qual i ty or  , process requi rements . 
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f .  The powerpl ant wi l l  use l i q u i d  natura l  gas , and t h e  use of  coal o r  a l ternate 
fuel s wou l d cause o r  contri b ute to a v i o l a t i on of NAAQS . 

g .  I nternati onal natu ral  gas p i pel i nes between the U . S . and Canada supp l i ed ga s 
before 1 97 7 ;  cancel l at i on of the contract  wou l d cause substan t i a l  fi nanc i a l  
penal ty ; t h e  p i pel i ne serves h i gh-pri or ity users whose serv i ce wou l d b e  j eopar
d i zed ; revenues from the transporta t i on and sa l e  of the gas and are essen t i a l  to 
the economic v i tal i ty of the p i pel i n e ;  and the exemp t i on is con s i stent wi th the 
purposes of  the Act . 

h .  Fo r powerpl ants w i t h  capa c i t i es l ess  than 250  mi l l i o n  Btu ' s  per hou r ,  i f  the 
p l ant was a basel oad pl ant  in 1 97 7 ;  and coal ut i l i za t i on woul d req u i re substan
t i a l  mod i fi ca t i on or substant ia l  reduct ion  i n  rated capac i ty .  

8 .  Ex i st i n g  Fac i l i t i es : Permanen t ,  D i screti onary 

a .  State or l ocal  req u i rements prec l ude the u s e  of  coal or a l ternate fuel s and 
g ra n t i ng of the exemption  i s  in  the publ i c  i n terest and is  consi stent wi th the 
purposes o f  the Act .  

b .  The benefits  o f  cogenera t i on cannot be obta i ned u s i ng coal or a l ternate fuel s .  

c .  I ntermed i a te-l oad powerpl a nts wi l l  be constructed for repl acement of  un i ts of 
equ i va l en t  capa c i ty in nonatta i nment area s . 

d .  An exemption  i s  needed to meet schedul ed equ i pment outages . 

2 . 1 . 2 Legi s l ati ve Hi s tory 

The expi rati on of the Energy Supp ly  and Envi ronmenta l Coord i nation  Act of 1 974 ( Pu b .  L .  93-3 1 9 )  
( ESECA ) necess i tated the i ntroduct i on of b i l l s  i nto the  Hous e  and Senate to proh i b i t  the cons truc
tion  of new powerpl ants wi thout the capab i l i ty for ut i l i za t i on of coal or a l ternate fuel s .  
A l though  t h i s  authori ty was extend ed and expanded to i nc l ude major  fuel burn i n g  i nstal l at i ons 
under the Energy Pol i cy and Conservation  Act of  1 97 5  ( Pu b .  L .  94- 1 63 )  ( EPCA ) , FUA d i ffers from 
ESECA and EPCA i n  several res pects ( 1 )  a s h i ft of the burd en of proof from the reg u l atory 
agency to indus try i n  the case  of new fac i l i t i es ,  ( 2 )  cl ar if icat ion of authori ty to proh i b i t  
burn i n g  o f  certai n fuel s and the  rel a t i on o f  th i s  authori ty to a l l env i ronmenta l s tandard s  
i nc l ud ing  t h e  C l ean Ai r A c t  a n d  Amendments , ( 3 )  expanded j u r i sd i ct i on t o  i nc l ude exi s t i n g  
fac i l i t i es that do n o t  a l ready h a v e  coal burn i ng capab i l i ty but  coul d burn another fuel o r  a 
mixture , and ( 4 )  expans i on of authori ty to i nc l ude gas turb i nes and comb i ned-cyc l e  fac i l i t i es .  

The genera l  rul es  by wh ich  p roh i b i t ion  to burn o i l  and natural  gas  i n  new fac i l i t i es wou l d  app ly  
were determi ned by  Congress . Congress then empowered the  Department of Energy to grant  exemp
tions  to the pro h i b i tions based on pet i t ions  from i ndustry and u t i l i ti e s .  Congress expres s l y  
i nd i cated that the FUA wou l d  n o t  b e  exempted from amendmen ts t o  al l fu ture envi ronmental stan
dard s ,  i nc l ud i ng the Cl ean A i r  Act Amendments , enacted subsequent to the enac tment of  the FUA . 
F i na l l y ,  Congre s s  expa nded the proh i b i t ions  to i nc l ude categori e s  of powerpl ants and MFB I s  that 
were not pre v i ou s l y  covered . 

The Conference Commi ttee of the  House  and  Senate agreed to amend House  B i l l  5 1 46 of the 95th 
Congress on Ju l y  1 1 ,  1 9 78 . The s hort ti tl e of the Act i s  the  Powerpl ant  and Industr i a l  Fuel Use 
Act of 1 978 ( FUA ) .  The FUA was passed by the  Senate on J u l y  1 7 ,  1 978 , and by the Hou se on 
October 1 5 ,  1 9 78.  I t  was s i gned by the Pre s i dent on November 9 ,  1 978 .  

2 . 1 . 2 . 1  Prev ious  Fuel  Convers i on and Uti l i za t i on Program 

The Department of Energy ( [DOE] s uccessor agency to the Federa l  Energy Admi n i s trat ion  [FEA] ) 
current ly  admi n i sters a fuel convers i on program under the  Energy Suppl y and Env i ronmenta l 
Coord i na t i on Act of 1 974 ( [ ES ECA] 1 5  USC 791 et seq . ) a s  amended . The ESECA was enacted i n  
response to the energy cri s i s  prec i pi tated by the 1 973  o i l  embargo , and wa s amended i n  1 97 5  to 
extend F EA j uri sdi ction  to major fue l -burn i ng i nsta l l a t i ons  in the early pl ann i ng proces s ,  i n  
add i tion  to powerp l ants , wh i c h  were covered by the ori g i na l  Act . The a u thori ty to i s sue orders 
under ESECA expi red on December 3 1 , 1 978 ; and the a uthor i ty to amend , repeal , mod i fy ,  resc i nd ,  
or enforce s uch  orders expi res on December 3 1 , 1 984 . The ESECA a u thori ty i s  l i mi ted both i n  
time a n d  scope .  The FUA i s  enacted i n  anti c i pa t i on o f  a l ong-term program for ut i l i za t i on of 
coal and other fue l s .  It is i ntended that the ES ECA program be phased out  a s  q u i c k l y  as pos
s i bl e ,  con s i stent with  the orderl y deve l o pmen t  of  the FUA . Further i nforma t i on on the ESECA 
program may be fo�nd in the rev i sed programma t i c  envi ronmental impact statement on the ESECA 
(FES 77- 3 ) ,  publ i s hed by the F EA i n  May 1 97 7 .  
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2 . 1 . 3  Autho r i ty Under the FUA 

The FUA pro h i b i t s  the use of natural gas and o i l  in new boi l ers w i th a heat i npu t rate g reater 
than 1 00 m i l l i on B tu ' s  per hour and g i ves DOE author ity to prohi b i t  such use i n  exi s t i ng power
pl ants . The FUA defi nes categor i es for wh i ch both temporary and permanent exempti ons can be 
obta i ned , and conta i ns deta i l ed expl anations of exempt i ons ( these are di scus sed in Sect ion  1 0 . 3 , 
Pol i cy Opti ons ) .  The fi rst three t i tl es of the l aw encompass exempti ons and compl i ance w ith  
exempti ons t hat  may be i s sued by  DOE . T hese ti t l es are the essence of the  FUA , and  are the 
bas i s  for t h i s  env i ronmental i mpact statement ;  i n  these three t i tl es ,  convers i on to coal o r  
other al ternate fuel s i s  requ i red . 

The l aw al l ows l at i tude i n  the use of fuel s i n  emergency s i tuat ions . Th i s  el ement of the FUA i s  
contai ned i n  T i t l e  I V ,  a l ong w i th the proh i b i t i on on the u s e  o f  natural g a s  for outdoor l i g ht
i ng ,  and the poten t i a l  res tri ction  of i nc reased petro l eum use in exi sti ng  powerp l ants . 

I n  T i t l e  V ,  the FUA al l ows u t i l i t ies to compl y  by subm i tt i ng a compl i ance p l an to DOE , under the 
" System Comp l i ance Option . "  T h i s  option  a l l ows ut i l i t i es to confo� to the l aw wi thout case-by
case rev i ew of i nd i v i dual u n i t  operati ons in each ut i l i ty system . 

Prov i s ion  for fi nanc i a l  ass i stance i s  contai ned i n  T i tl e  V I . The FUA s t i pu l ates the ava i l ab i l i ty 
of p l ann i ng and deve l o pment g rants to area s i n  wh i ch  coal  and u ran ium mi n i ng resu l t i n  impacts . 
The Department of Energy may a l so make l oans to a s s i st  powerpl ants i n  the acqu i s i t i on of a i r  
pol l ut i on control equ i pment .  I n  the f i rst  two fi scal  years , ass i stance to l ocal commun i t i es i s  
appropri ated a t  $ 1 80 mi l l i on and l oans to powerpl ants are authori zed to $800 mi l l i on . 

The admi n i strati on and enforcement p rov i s i ons of the FUA are conta i ned i n  T i t l e  V I I ,  and "Mi scel 
l aneous Prov i s i ons "  regard i ng i nformation and reports are conta i ned i n  T i t l e  V I I I .  

2 . 2  PURPOSE I N  RELATION TO NATI ONAL ENERGY OBJECTIVES 

The Nati onal Energy P l an p repared by the Execut ive Off i ce of the Pres i dent , and i ssued on Apri l 29 , 
1 977 , summari zed three overri d i ng nat i onal  energy object i ves : 

" - as an objective that wi l l  become even more important i n  the future , to reduce dependence 
on fore i gn oi l and vu l nerab i l i ty to supply i nterrupti ons ; 

- i n  the med i um te� , to keep U . S .  imports suff i c i ent ly  l ow to weather the period when 
worl d o i l  p roduct i on approaches i ts capac i ty l imi tati on ; and 

- in the l ong  te� , to have renewabl e  and essenti a l l y  i nexhau stabl e  sources of energy 
for sustai ned economi c  g rowth . "  

On A�r i l  20 , 1 97 7 , P res ident Carter  appeared before Congress and set forth spec i fi c  energy goa l s 
to be achi eved by 1 985 : 

I . Reduct ion  of the annual U . S .  energy demand g rowth rate to l ess  than 2 percen t .  

2 .  Ten percent reduct i on o f  gasol i ne consumpt i o n .  

3 .  Reduct i on of o i l  i mports t o  l es s  than 6 mi l l i on ga l l ons per day . 

4 .  Estab l i s hment of a l -b i l l i on-barrel strateg i c  petrol eum reserve .  

5 .  I nc rease i n  coal production by more than two-thi rds to over 1 b i l l i o n  tons per year .  

6 .  I nsu l at ion o f  90 percent of exi s t i ng American  homes and al l new bu i l d i ngs  to meet 
m i n i mum energy effi c i ency standards . 

7 .  Use of sol ar  energy i n  over 2 . 5  mi l l i on Ameri can homes . 

2 . 3  BENE F I TS 

2 . 3 . 1  Short- te� Benef i ts 

A major  s hort-term benefi t of the proposed action  wou l d  be the redi recti on of petrol eum prod
ucts and natural gas to prior i ty uses for which  coal i s  not a s u i tabl e fuel source . Th i s  cou l d  
res u l t  i n  reduct i ons i n  overal l u s e  or  i n  i nc reased suppl i es o f  these fuel s .  T he pos i t i ve and 
negati ve i mpacts of that are s ummari zed i n  Sec t i on 1 1 .  The env i ronmental consequences of the 
proposed acti on are expected to be mi n imi zed by compl i ance with  a l l appl i cab l e env i ronmental 
s tandards . 
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2 . 3 . 2  Long-term Benefi ts 

The major  l ong-term pos i t i ve i mpacts of the FUA are con servat ion of l imi ted domest i c  petrol eum 
and natural gas suppl i es and decrea sed rel i ance on imported petrol eum products . In add i t i on , 
deve l o pment and use of coa l -deri ved fuel s and other a l ternate fuel s wou l d  be encouraged and 
po l l ut i on a batement technol og ies wou l d  be deve l o ped and promoted . Reduction i n  the U . S .  bal ance 
of payments defi c i t  attributab l e to petrol eum imports and reduct ion of potent ia l  for o i l  s pi l l s  
coul d a l so be expected to occur as  a resul t o f  the FUA . 

Su ppl i es of domes t ic  natural  gas and o i l  wi l l  be conserved to ensure the i r  ava i l abi l i ty fo r 
essent ia l  uses , such as agricul tural  and process use , and for use i n  s i tuations where protection  
of the  envi ronment requ i res cl eaner- burn i n g  fuel s .  

2 . 4  RELAT I ONSH I P  TO OTHER FEDERAL ACTI ONS 

2 . 4 . 1  Rel at ionsh ip  to  Other Federal Energy Programs and Legi s l a t i on 

A primary goal o f  current energy pol i cy i s  the substi tut ion  of a bundant energy sources for those 
in s hort suppl y .  Th i s  means , fo r t h e  s hort term,  reduct ion  of  U . S .  dependence on fo rei gn fuel s 
and promot i on of conservat ion and i ncreased fuel effic i ency, and , fo r the l ong term ,  devel opment 
of  renewabl e and essent ia l l y  i nexhaust i b l e sources of  energy . As such , the FUA is  one o f  many 
federa l  energy programs des i gned to reduce the use of petrol eum and natura l  gas or promote use 
of  an a l ternate fuel wherever poss i b l e  and in an  env i ronmental l y  acceptab l e manner .  

Spec i fi ca l l y ,  the  proposed regu l atory program woul d proh i b i t  or restrict  the  use of o i l  and 
natural gas in new and ex i s t i ng uti l i ty and i ndustr ia l  bo i l ers . Al though coal wou l d be the 
major  substi tute fo r o i l  and natural  gas i n  the short term, other techno l og i e s  for burn i n g  coal 
(coal gas i f icat i on , fl u id i zed-bed combustion , sol vent-refi ned coa l , coal /o i l  mi xtures , etc . ) and 
other a l ternate fuel s (wood wastes , refuse-deri ved fuel , etc . ) wou l d  be encouraged . 

The FUA i s  d i rected toward fue l s  other than o i l  and gas ,  and therefore compl ements the devel op
ment of  non-foss i l - fuel resources through federal res ea rch deve lopment and commerc i a l i zat ion 
programs such as those for geoth ermal and s o l a r  energy . The further devel opmen t of exi st i n g  
domest i c  o i l  resources (devel opment of  Outer Conti nental She l f  resources , o i l shal e ,  enhanced 
recovery )  wou l d  serve to i ncrease the nation ' s  sel f-suffi c i ency i n  the near and midd l e  term . 

In imp l ement ing  the FUA , consi deration  must be g i ven to the envi ronmental i mpacts of the proposed 
action as they may i nteract w ith or  overl ap envi ronmental  impacts of other federa l act i ons . 
Exampl es of such programs are the Syntheti c  Na tural  Gas ( SNG )  program and the Strateg ic  Petrol eum 
Reserve ( SPR )  program .  I f  two or more such programs were impl emented i n  the same geograph i c  
area ( for  examp l e ,  the same county , A i r  Qua l i ty Contro l  Reg i o n ,  or state ) ,  the cumu l a t i ve impacts 
cou l d  be s i gn i ficant,  and i t  mi ght be pos s i b l e  for the SPR or SNG program to aggravate the 
i mpacts of  the FUA. Accord ing ly ,  impl ementat i on of the proposed action shou l d  be carefu l l y  
pursued and , where necessary ,  regi onal o r  s i te- spec i fi c  envi ronmental ana l yses undertaken to 
assess the potent ia l  cumul ati ve i mpac ts of two or more federa l programs . 

Further i n format ion on the SNG and SPR techno l o g i es may be found i n  Sect ion 1 0 ,  Al ternat i ve 
Techno l og i es and Regu l atory Po l i c i es .  

2 . 4 . 2  Re l at i onsh ip  to  Federa l Ra i l road Transportat ion Programs 

Transporta t i on of coal by ra i l  i s  of primary i mportance i n  the impl ementation  of the FUA . The 
l eve l of i ncreased coal use as  a resu l t  of the FUA wi l l  be affected by federal ra i l way transpor
tat ion  po l i cy . The Ra i l road Rev i ta l i zation and Regul atory Reform Act of 1 976 (45  USC 822 et 
seq . ,  the "4R"  Ac t )  prov ides major fi nanc i a l  a i d  to ra i l road f irms fo r the rehab i l i tat ion of  
ra i l way systems . Sect i on 284 of the FUA authori zes funds for depo s i t  i n  the Ra i l road Rehab i l i 
tation  and Improvement Fund , estab l i shed under Sect ion 502 of  the 4R  Act, whi c h  wou l d  be a l l o
cated for the rehabi l i tation  of  ra i l roads used spec i fi cal l y  for the transportat ion of coal . 

Further i n format i on regard i n g  coa l transportati on may be found i n  Append i x  E .  

2 . 4 . 3  Rel ati onsh i p  t o  Envi ronmenta l Programs 

2 . 4 . 3 . 1 The Nat i ona l Envi ronmental Pol i cy Act 

Section 1 02 ( 2 )  (c ) of  the Nati onal Env i ronmenta l Pol i cy Act ( NEPA ) of  1 969 (42 USC 4321 et seq . )  
requi res that al l agenc i es of  the federa l government prepa re deta i l ed envi ronmenta l  statements 
on proposed major  federal act i ons  wh i c h  have the potent i a l  fo r si gni ficantly affect ing  the 



2-7  

qual i ty of the  h uman envi ronmen t .  The pri n c i pa l  objec t i ve of NEPA i s  to  bui l d  i nto the  agency 
dec i s i on-ma k i ng process an appropri ate and careful con s i derati on of envi ronmenta l  aspec ts of 
proposed acti ons . I n  add i t i on to comp l y i ng w i th the procedura l requ i rements of NEPA,  agenci es 
must rev i ew and compl y  w i th al l other l eg i s l a t i ve and s tatutory requ i rements i rres pect i ve of 
NEPA , w h i ch may a ffect i mpl ementat i Gn of the proposed act i on . Sect ions  2 . 4 . 3 . 2  through  2 . 4 . 3 . 7  
are br ief  descri pt i ons of  s uch  req u i rements and l eg i s l at i o n  wh i ch may affect DOE i mp l ementat i on 
of the FUA.  

2 . 4 . 3 . 2  The C l ean A i r  Ac t 

The Cl ean Ai r Act of 1 97 0  (42  USC  7401 et seq. ) and i ts subsequent amendments a u thori zed a com
prehen s i ve regul atory program to be admi n i s tered by the U . S . Envi ronmenta l Protect ion  Agency 
( EPA )  and  desi gned " to protect and enhance the qual i ty of the na t i on ' s  a i r  resources so as to 
promote the publ i c  heal th and wel fare and  the product i ve capac i ty of i ts popul at ion . " 

To protect pub l i c  heal th , the  EPA promul gates " pr i ma ry amb i en t  a i r  qua l i ty s tandards " based on 
c r i ter ia  re l at i n g  to hea l th effects  and an "adequate marg i n  of sa fety . "  To protect pub l i c  we l 
fare , EPA promu l gates " s econdary amb i en t  a i r  qual i ty standards . "  The EPA a l so has  author ity 
under  the C l ean Ai r Ac t to i mpose emi s s i on standards for des i gna ted " hazardou s  a i r  po l l u tant s "  
t o  w h i c h  n o  p r i ma ry amb i ent a i r  qual i ty standard i s  a pp l i cab l e ,  and w h i c h  cause or  contr� bute to 
a i r  po l l u t i on whi c h  may resu l t  i n  an i ncrea se i n  morta l i ty or seri ou s i rrevers i b l e  or i ncapac i 
tati ng revers i b l e  i l l ness . New sources of a i r  emi s s i ons are reg u l ated by "standards of perfo r 
man c e "  and t h e  "best tec hno l o g i ca l  sys tem o f  conti nuous emi s s i on reduct i on tha t h a s  been ade
quatel y demons trated . "  

To i mp l ement these s tandards the C l ean Ai r Act requ i res  that each state des i gnate Ai r Qua l i ty 
Contro l Reg i on s  ( AQCRs ) for the enti re geogra ph i c  area o f  the s ta te and prepare a State Imp l e
men ta t i on Pl an ( S I P )  wh i ch pro v i des  for the impl ementati on ,  ma i ntenance , and  enforcemen t of  the 
pri mary and secondilry amb i en t  a i r  qual i ty standard s in those reg i ons . The S I P  mu st be submi tted 
to the EPA for approva l , and i f  the EPA determi nes that the p l an is i nadequa te , the EPA may 
promu l gate reg u l at i ons appl i cabl e to the defi c i en t  port i ons of the sta te p l an .  

The EPA has promu l ga ted primary and  secondary amb i en t  a i r  qual i ty standards for su l fur d i o x i de 
( S02 ) ,  total suspended part i c u l ates (TSP ) , p hotochem i cal oxi dants , and  carbon monoxi de ( CO )  and 
n i trogen d i ox i de ( N02 ) .  Regul at i ons have a l so been promul gated to set new source performance 
s tan dards ( NSPS ) for 24 i ndustr i a l  categories  and  emi s s i on standards for 4 hazardous pol l utants 
(merc u ry ,  beryl l i u m ,  v i nyl  c h l or ide ,  and  asbestos ) .  

The 1 97 7  amendments to the Cl ean A i r  Act (42  USC 7401 et seq . ) i nc l uded new prov i s i ons des i gned 
for " prevent i on of S i gn i f i cant deteri orat ion " ( PS D )  ofexlSti ng a i r  qua l i ty ( SO and TSP ) i n  
areas wh i ch are presen t l y  c l eaner than wou l d  be requ i red t o  meet the most stri n§ent s tandards . 
The  PSD  prov i s i ons i n  t he 1 97 7  amendments req u i re that each s ta te c l ass i fy c l ean a i r  areas as 
ei ther C l ass  I (Where air qual i ty has to rema i n  v i rtua l l y  unchanged ) ,  C l ass  I I  ( where moderate 
add i t i onal emi s s i ons w i l l  be a l l owed ) or  Cl ass  I I I  (where more i ntens i ve i ndustr i a l  ac t i v i ty 
w i l l  be permi t ted ) .  The a i r  qual i ty i n  each Cl ass , wi l l  not be a l l owed to deteri orate i n  
excess o f  i ncrements s pec i f i ed i n  the amendments , and i n  no case wi l l  pol l utant  concentrat ions 
i n  the amb i ent  a i r  i n  any a i r  qua l i ty control reg ion  be a l l owed to exceed the secondary Nat i onal  
Amb i en t  Air Qua l i ty Standards . 

I n  order to meet the PSD requ i rements , new sources i n  certai n i ndustr i a l  categor ies w i th poten 
t i a l emi s s i on s  i n  excess o f  1 00 ton s per year ,  and  a l l  o ther new sources w i th poten t i a l  emi s s i ons 
o f  2 50 tons of pol l utants per year , are req u i red to secure preconstru c t i on permi ts . Before 
be i ng  gra n ted a new source preconstruct i on permi t ,  a qua l i fy i ng poten t i a l  source must undergo a 
PSD rev i ew to ensure the i nstal l at i o n  of at l east "bes t avai l ab l e control techno l ogy" ( BACT ) , 
and  to ensure that any new emi s s i ons  do not cause a v i o l a t i on of any NAAQS i n  any a i r  qua l i ty 
regi o n , or v i ol a te any appl i cab l e a i r  emi s s i on standard . PSD revi ew wi l l  be admi n i stered by the 
EPA u n t i l  the nat i onal  req u i rements a re i ncorporated in the state i mp l ementa t i o n  pl ans submi tted 
to E PA for approva l on or  before March 1 9 ,  1 97 9 . Al l new major sources , whether or not they a re 
s ubject to PSD perm i t  req u i rements , must meet the req u i rements establ i shed by the EPA ' s  New 
Source Perfo rmance Standards . 

The 1 97 7  Amendments to the  C l ean A i r  Act (42  USC 7401 et seq . ) a l so req u i re that Sta te Imp l e
mentat ion  Pl ans  ( S I Ps )  must i ncorporate spec i a l  new prov i s i o n s  rel at i ng to a tta i nmen t and  
ma i n tenance of  Nati onal Amb i en t  Ai r Qual i ty Standards i n  non-attai nment areas* a s  a precond i ti on 
for the constru c t i on and  mod i fi cation  of any major s ta t i onary source on or a fter Ju l y 1 ,  1 97 9 .  
Upgra d i n g  of  non-atta i nmen t areas must b e  undertaken " a s  exped i t i o us l y  as prac t i cabl e "  b u t  n o  
l ater than December 3 1 , 1 982 . The S I P  rev i s ions  des i gned t o  ach i eve these objecti ves wi l l  

*A non-atta i nment a rea i s  an  AQCR (or part thereof )  not  meet ing  Nati onal  Amb i ent Ai r Qua l i ty 
Standards for a s pec i f i c  pol l uta n t .  
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req u i re ,  among other t h i ng s ,  i s suance of permits  to new sources i n  nonatta i nment a reas wh i c h  
i ncorporate " em i s s ions  offset s " *  i n  order t o  ach i eve " reasona b l e  further progre s s "  towards 
attai nment of m i n imal a i r  qua l i ty i n  exi s t i ng nonattai nment a reas .  To obta i n  a perm i t ,  a pro
posed new source must meet four cond i t i ons : ( 1 ) i t  must a c h i eve the l owest a c h i evab l e emi s s i ons 
rate ( LAER ) ; ( 2 )  other sources  owned by the same company must be in  comp l i a nc e ;  ( 3 )  offsets 
greater than 1 for 1 must be obta i ned ; and ( 4 )  a net a i r  qua l i ty benef i t  must be demonstra ted . 
New sources i n  nonattai nmen t areas may a l so be requ i red to undergo PSD rev i ew i f  emi ss i ons  from 
that source may resu l t  i n  v i o l a t i on of Na t i ona l Amb i ent A i r  Qua l i ty Standard s i n  another AQCR.  

2 . 4 . 3 . 3  Cl ean Water Act 

The Federa l  Water Pol l u t i on Control Act ( FWPCA ) as amended in 1 972 and 1 977 ( 33 USC 1 251 et seq . )  
authori zed a comprehen s i ve reg u l a tory p rogram to a c h i eve the fo l l ow i ng goa l s :  

1 .  The e l i m i na t i on of  t he d i scha rges of  pol l utants to the nation ' s  wa ters by 1 985 . 

2 .  The atta i nment and  mai ntenance of an i nterim goa l of wa ter qua l i ty that pro v i des  
for the protec t i on and propaga tion  of  f i s h ,  wi l d l i fe ,  and recrea t i on by J u l y  1 ,  1 983 . 

3 .  The pro h i b i t i on of t he d i scharge o f  tox i c  pol l u tants . 

The c urrent regu l atory program admi n i stered by the EPA and the states comb i nes water pol l u t i on 
abatement programs based u pon wa ter use des i gnat i ons , wa ter qua l i ty c r i teri a ,  and s tandards with  
nat i onwi de , techno l ogy-based eff l uent l im i ta t i ons  on po i n t  source** d i sc ha rges . These  eff l uent 
l im i tati ons on the qua l i ty and concentrat ion of  pol l utants appl i ed at  the po i n t  of d i scharge-
whether deri ved from app l i c a t i on of  " best practi cabl e control tec hno l ogy c u rren t l y  avai l a b l e "  
( B PCTA ) o r  from wa ter qua l i ty standards --are adm i n i stered by mea ns of  Nationa l  Pol l u tant D i s 
charge  E l  i m i nat ion  System ( NPDE S )  permi ts . N P DES perm i ts may b e  i ssued e i ther by the E P A  or by 
states that have been de l ega ted the author ity by the EPA . I n  add i t i on to the requ i rement that 
ex i st i ng fac i l i t i es i n sta l l BPCTA on or before J u l y  1 ,  1 977 , or  meet more stri ngent l i m i tat ions  
based u pon water qua l i ty standard s ,  t he  FWPCA a s  amended i n  1 977 req u i res that a l l p o i nt source 
d i sc harges a p p l y  by J u l y  1 ,  1 984 , " best conven t i onal  po l l utant control techno l ogy" to trad i t iona l  
pol l utant parameters ( e . g .  b i o l og i ca l  oxygen dema n d ,  tota l suspended so l i d s , and ac i d i ty )  and  
the  more stri ngent " best a va i l ab l e  technol ogy econom i ca l l y  a c h i evab l e "  ( BATEA ) to  certa i n  
i d en t i f i ed tox i c -pol l u tant-contami nated d i scharges . The FWPCA further requ i res app l i cat ion  of  
" best ava i l ab l e  demonstrated control tec hno l ogy "  to  new poi nt sources and  prov ides  for  reg u l at ion 
of non -po i nt sources** of pol l u t i o n .  These various  tec hnol ogy-ba sed standards are defi ned by 
the EPA through p romu l gat i on o f  nat i onwide effl uent g u ide l i nes and standards for var ious  i nd u s 
t r i a l  categories  a n d  s u bcategori es . 

I n  some cases , water qua l i ty s tandards estab l i s hed by the states and approved by the EPA a re 
u sed as the bas i s  for spec i f i c  d i scharge  l im i tat ion s  conta i ned i n  N PDES perm i t s .  State wa ter 
qua l i ty standards a p p l y  when the nature of  the wa terway i s  such  that appl i cat ion of technol ogy
based , federa l l y  establ i s hed effl uent l im i tat i ons is i nsuff i c i ent to ma i n ta i n  the amb i ent wa ter 
qua l i ty necessary to a c h i eve the u ses for wh i ch a part i cu l a r  waterway has been des i g nated by the 
state . In some cases l im i ta t i ons based on water qua l i ty may requ i re the devel opment of  new 
treatment techno l og i es to ensure i ndustr i a l  compl i a nce w ith  wa ter qua l i ty standard s . 

Fac i l i t i es s u bj ec t  to fuel  convers i on or u t i l i zat ion  req u i rements may be subject to one or 
severa l  of these requ i remen ts  i f  convers i on or u t i l i zat i on resu l ts in  a s i g n i f i cant  c hange 
( whether it is an  i nc rease or  a decrease ) in the i r  pol l uta n t  d i sc harg e s .  If  there i s  a s i g n i f i 
cant  c hange , a fac i l  i ty must  report thi s to the state il �ld the EPA pursuant to the cond i t i ons 
spec i f i ed i n  the ex i s t i ng NPDES  permi t ,  wh i c h  may t hen be subj ect to mod i f i cat ion  based upon the 
c hange in  the d i scha rg e .  The FWPCA a l l ows d i scha rges only from c�rta i n  authori zed o u tfa l l s  
des ignated i n  the fac i l i ty ' s  NPDE S  permi t .  Wherever convers i on o r  u t i l i za t i on resu l ts i n  the 
crea t i on of  a poten t i a l  new p o i n t  sou rce d i scharge , the d i scharge must be authori zed by mod i f i 
cat ion o f  the exi s t i ng NPDES perm i t  p r i o r  t o  the commencement o f  any new d i sc harge . 

----------- --------

*The offset pol i cy requ i res construc t i on perm i t  app l i cants to app ly  LAER or BACT and to obta i n  
enou gh  emi s s i on reduc t i ons of the pol l utant fo r wh i c h  t h e  area i s  i n  non-attai nment , from 
ex i s t i ng sources , to more than offset the emi ss i ons from the pro posed new sourc e .  On ly  
emi s s i ons of the  s ame pol l utant may be  offset .  

**A po i n t  source i s  an i nd i v i dual , i dent i f i ab l e emi tter of  pol l u t i on , such  as a p l an t  stac k .  
A non-po i n t  source  i s  a group of  pol l u t i on emi tters , s u c h  a s  an urban area , or an a rea of  
pol l ut i on-em i tti ng mater i a l , s uc h  as a coa l  m i ne .  
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2 . 4 . 3 . 4 Safe Dri n k i ng Water Ac t 

The Safe Dri n k i ng Water Act ( 42 USC 201 et seq. )  requ ires that the Envi ronmental Protection 
Agency promul gate reg u l ati ons  establ i sh i ng pri mary and secondary standards for spec if ic  con
tami nant concentrat ions  in publ ic  water suppl i e s ,  or requ ir i ng the use of spec if ic  treatment 
techno l og i es for purposes of protecting  publ ic  hea l th ( primary standards ) and wel fare ( secondary 
s tandards ) .  The states have primary authori ty for enforcement of these regu l at ions .  However , 
s hou l d  a s tate fa i l  to effective ly  enforce the regu l ations , the EPA has author i ty to undertake 
such  enforcement .  

O n  June 24,  1 977 , the EPA promul gated f i nal  primary ( heal th-rel ated ) dri n k i ng water regu l ati ons . 
These regu l a t i ons requ ire samp l i ng programs to ensure that concentration  l im i tations  for m icro
b i o l og i ca l  contam i nants , ten spec i f i ed i norgan ic  chemica l s (metal s ) ,  s i x  organ ic  pes t i c i des , 
turbi d i ty ,  and rad i o l o g i cal  eff l u ents  are not v i o l ated i n  approximatel y  250, 000 communi ty and 
publ i c  dri nk i ng water systems . In addi t ion  to primary dri n ki ng water standard s ,  EPA has pro
posed secondary , or wel fare-re l ated , reg u l ations  to pro tect major underground dri n k i ng water 
sources , and reg ul ati ons to control add i t i onal organi c  chemica l  contami nants . 

Because fuel convers ion  or  uti l i zat ion i n  powerpl ants and MFB I s  may res u l t i n  s i g n i f i cant add i 
tions  of  i norganic  c hem ica l s  (metal s )  t o  nav i gabl e waters and aqui fers l oca ted near these fac i l 
i t i es ( part icu l arl y through a s h  pond overfl ows , coal p i l e  runoff , and l each ing ) ,  a fac i l i ty 
construc t i ng for or convert i ng to coal or  an al terna te fuel may be subj ect to requ i rements for 
safe dri n k i ng water in add i t ion  to requi rements imposed by state and federal water po l l ut i on 
a batement programs . 

2 . 4 . 3 . 5  Sol i d  Waste Control ( Resource Conservation  and Recovery Act )  

The Resource Conservat ion and Recovery Act o f  1 976 ( 42 USC 6901 e t  seq. ) ,  amend ing t he So l i d 
Waste Di sposal Act ,  requ ires that the EPA publ i sh guide l i nes for sol id  waste management ,  pro
mul gate regu l ati ons  appl i cabl e to hazardous  wa stes management ,  devel op gu idel i nes for state and 
reg i onal sol i d  waste management ,  establ i s h  cri teria for sani tary l andfi l l s  to genera l l y  proh i b i t  
open dump i n g ,  and provide  federal ass i stance t o  the states i n  the devel opment of programs i n  
each of these area s .  Proposed hazardous waste regu l at i ons were i s s ued o n  December 1 1 , 1 978.  

The g u i de l i nes affec t i ng fac i l i t i es burn i ng coal are t he EPA ' s  Gui del i nes for Land D i sposal of 
Sol i d  Waste s ,  publ i s hed August 1 4 ,  1 974 ( 40 CFR 241 ) ,  and Proposed Gu i del i nes for State Hazardous 
Wa ste Programs , pub l i shed on February 1 ,  1 978 ( 43 FR  4366 ) .  The primary sol id  wastes attri butabl e 
to coal -f ired fac i l i t i es are ash  and scrubber s l udges . The g u idel i nes for l and di sposal estab
l i s h  recommended procedures del i nea ti ng m i nimum l evel s of performance requ i red of any so l i d-
waste l and d i sposal operat i on ,  i ncl ud i ng t he fol l ow ing : 

1 .  Rout i ne sani tary l andfi l l techn i q ues of spread i ng , compac t i ng ,  and coveri ng 
consi stent w ith  t he statutory i njuncti on aga i nst open dump i ng . 

2 .  S i te sel ect ion con s i stent wi th  publ ic  heal th  and wel fare , and a i r  and water qual i ty 
standards , and adaptabl e to appropriate l and use p l a n n i ng . 

The Proposed Gui del i nes for State Hazardous Waste Programs set forth comprehens i ve gu idance for 
a management program under state supervi s ion  wi th  federal oversi g ht .  Coal -burni ng fac i l i ties  
wi l l  be i ncrea s i ng l y  affected by so l i d wa ste d i sposa l programs at state and  federa l l evel s .  

2 . 4 . 3 . 6  Tox ic  Substance Control Act 

The Toxic  Substance Control Act of  1 976 ( 1 5 USC 2601 et seq . )  primari l y  addresses the commerci a l  
manufacture , u se ,  and d i stri bution  of  c hemi cal substances . Sections  6 and 7 of the Act ,  however , 
g rant the EPA authori ty to regu l ate the manner and method of di sposal of  spec i fi ed hazardous 
c hemi ca l  substances . Whi l e  t he regul atory program presentl y bei ng deve l o ped under thi s l eg i sl a
tion  i s  unl i ke l y  to have a d i rect effect on fac i l i t ies  burn i ng coal , the d i sposal author i t i es 
g ranted may affect resource recovery of  ash  and scrubber s l udge .  

2 . 4 . 3 . 7  Other Rel ated Leg i s l at i on 

The Surface M i n i ng Control and Rec l amation  Act of 1 977 ( 30 USC 1 201 et seq. ,  Pub .  L .  95-87 ) i s  
desig ned "to p rotect soci ety and t he envi ronment from t he adverse effects  of surface coa l m i n i n g "  
( Sect ion  1 02 ( a ) ) .  Th i s  l eg i s l ation i s  re l ated t o  t h e  FUA i n  that i t  reg u l ates t h e  devel opment 
of new surface coal m i n i ng operati ons ( Sections 502 ( a )  and 596 ) and therefore affects the ava i l 
a bi l i ty of coal . Impl ementation  of rec l amati on procedures pursuant to thi s Act wou l d  serve to 
mi t i gate any potenti a l l y  adverse impacts resu l t ing from i ncreased surface mi n i ng i n  response to 
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i ncreased coa l demand due to the FUA . The Surface M i n i ng Control and Rec l amation  Act i s  d i s 
cussed further i n  Append i x  E ,  Sec t i on E . 2 . 2 . 1 .  

Under the Coastal Zone Management Act of  1 972  ( 1 6  USC 1 45 1  et seq. ,  Pub . L .  92-583 ) ,  the Depart
ment of Commerce i s  authori zed to ma ke g rants to the coastal s tates to a s s i s t  in  the devel opment 
and adm i n i strat ion of  coasta l  zone management programs . The state program, wh i c h  must be 
approved by the Department of Commerce with  the concurrence of the Department of the I nterior ,  
defi nes the contro l l ed coa stal zone , permi ss i bl e  u ses  and u se  priori t ies , and a system of  l egal 
contro l s  for enforcement .  Once an  approved state program i s  i n  effec t ,  every appl i cant for a 
federa l  l i cense or  perm i t  for an acti v i ty must furn i sh a cert i fication  from the state that the 
proposed acti v i ty compl i es w i th the coastal zone management program. 

Pursuant to Sect i ons 208 and 303 of  the Federa l  Water Po l l ut ion  Contro l  Act ,  State Coastal Zone 
Management P l an req u i rements are coord i na ted with  other wa ter po l l u t i on a batement programs . I n  
accordance w i t h  4 0  CFR 1 30 and 1 3 1 ,  sta tes must esta b  1 i s h "cont i nuous p 1 a n n i  ng processes " for 
reg i onal waste trea tment and water qual i ty managemen t .  Part i c i pat ion  in Coa stal Zone �1anagement 
programs i s  vol untary ,  and such programs may not i n terfere with  or establ i sh req u i rements i ncom
pat i b l e  with  state water qual i ty standards or federa l effl uent g u i de l i nes . Coastal  Zone Manage
ment requ i rements cou l d  potent i a l ly  apply to ut i l i ty powerpl ants and i ndustri a l  fac i l i t ies  
wh i c h  are subj ect  to the FUA in  coastal zone area s .  

The purpose o f  the Endangered Spec i es Act of  1 973 ( 1 6  USC 1 536 ,  P ub .  L .  93-205 ) i s  to provide 
fo r the conservat ion of  endangered and threa tened species  and the ecosystems upon wh i ch  they 
depend for survi val . Under th i s Act , the Secretary of the I nterior  and the Secretary of Commerce 
determine  those spec i es wh i ch  are endangered or threatened , and pub l i s h not i f i ca t i on of such 
determi nat i on in  the Federal Reg i ster .  I f  an action taken by  the Department of  Energy under the 
FUA had the potent ia l  to affect an endangered or  threatened spec ies  or i ts hab i ta t ,  a revi ew of  
the proposed act i on by  the Department of  the  I nterior wou l d be  req u i red .  

Execut i ve Order No . 1 1 988 i ssued on  May 24 , 1 97 7 ,  establ i shes as federal pol i cy fo r admi n i stra
t i ve agenc i es the avo i dance wherever poss i b l e of  the l ong- and sho rt-term adverse impacts 
assoc i ated w i th the deve l o pmen t ,  occupancy , or mod i fication  of fl oodpl a i n s ,  and avo i dance of 
d i rect or  i n d i rect support of  fl oodpl a i n  devel opment whenever there i s  a pract ica l  a l terna t i ve .  
Further i nformation  o n  th i s  execut ive order may be found i n  gu idel i nes proposed by the Water 
Resources Co unc i l  fo r impl ementation  of E . O .  1 1 988 publ i shed on Februa ry 1 0 ,  1 9 78 (43 FR 6030 ) .  

Execu t i ve Order No . 1 1 990 ,  i ssued May 24 ,  1 97 7 ,  estab l  i s hes as  federal pol i cy for admi n i strati ve 
agenc ies  to avo i d wherever pos s i bl e  the l ong- and s hort-term adverse impacts associ ated with  the 
destruct ion or mod i f ication of  wetl ands and to avo i d  d i rect and i nd i rect support of new con struc
tion on wetl ands whenever there i s  a practica l  a l ternat ive .  Th i s  order supp l ements eX i st i ng 
programs adm i n i stered by the U . S .  Army Corps of  Eng i neers i n  cooperat ion with  the U . S .  EPA under 
Sec t i on 404 of the FWPCA . 

Pursuant to the Energy Pol i cy and Conservation  Act ( EPCA) ( Pu b .  L .  94- 1 63 )  and as amended by the 
Energy Conservat ion and Production Act ( ECPA ) ( Pu b .  L .  94-385 ) ,  the Department of Energy may 
g i ve l oans  to operators of  smal l coa l m i nes under the Coa l M i ne Loan Guarantee Program . "Sma l l "  
i s  defi ned a s  l ess than 1 00 , 000 tons per year producti o n .  

The o bj ect ive of  the l eg i s l at i on i s  the production o f  more l ow-su l fur  coa l from mi nes i n  wh i c h  
the smal l er-s i zed coa l operator c a n  afford t o  i nvest .  There are cri teri a  regard i ng sa l e s  vo l ume , 
product i on , tonnage ,  and l i nks  to the o i l  i ndustry that restr ict the k i nds of compan i es that may 
part i c i pate i n  the program . Total l oans to any one person or corporate enti ty i s  $30 , 000 , 000 
and the l oan i s  g uaranteed for up  to 80 percent of the l oan princ i pa l  or the cost of the proj ect , 
wh i c hever i s  l e s s .  

T o  the extent that those i ndustri a l  fac i l i t ies affected by the FUA fi nd i t  des i rab l e o r  necessary 
to use l ow-sul fur coa l , the Coa l Loan Gua rantee Program wi l l  ass i s t  i n  ensuring  the ava i l a b i l i ty 
of l ow-s u l fur  coa l from operators of smal l m i nes . Because the vol ume of coa l used by i nd i v i dual 
i ndustries  is assumed to be l ow ,  i ndus tri es rather than ut i l i t ies  wi l l  be affected by the Coal 
Loan Guarantee Program . 

2 . 5  SCOPE AND ASSUMPT IONS OF TH I S  ENV I RONMENTAL IMPACT STATEMENT 

Sec t i on 3 i s  a descript ion of  the methods by wh i c h  the energy impacts of the FUA were estimated . 
It i nc l udes a descri ption  of the u se of  a "worst-case" approach ,  the peri od of t ime for wh i c h  
the impacts were anal yzed , and the manner i n  wh i c h  ut i l i t i es and i ndustries are expected t o  be 
affec ted . 
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Energy impacts are proj ec ted through two t ime per iods , 1 985 and 1 990 ,  and i nc l ude a base-case 
scenario  ( i mpacts that wou l d  occur wi thout impl ementat ion of the FUA) and the i ncrement asso
c i ated with  i mpl ementat ion  of the FUA. The i ncrement is  descri bed as  quads of energy produced 
from sources other than o i l  and natural gas i n  both exi s t i ng and new fac i l i t ies at the demand 
reg i on l evel for the conterm i nous  Uni ted States . 

The reg i ons proj ected to supp ly  coal to each demand reg ion  are a l so del i neated . I n  th i s  analys i s ,  
i t  was assumed that most fac i l i t ies  wou l d use coaT a s  the al ternate fuel ; other potent i a l  fuel s 
are descri bed i n  Sec t i on 1 0 , Al ternati ve Techno l og i es and Reg u l a tory Pol i c ie s .  Coa l was sel ected 
as the major fuel sourc e  because coa l is expected to be the ov erwhel m i ng choice  of a l ternate fuel 
at the nati onal l evel and because the as sumption  of coal use general ly  resu l ts i n  the wors t-case 
env i ronmental ana l ys i s .  Other energy a l ternat ives may be mo re envi ronmenta l ly acceptabl e ,  
and vari ous a l ternati ve techno l og i es c l early wi l l  b e  stimu l a ted by FUA.  Spec i f i c  i ndustries or 
spec i f i c  reg ions  of the country may be abl e to i ncrease the use of waste products , but such use 
i s  h i g h ly  s i te-spec i f i c . 

Sec t i on 4 i s  a descri ption  of the current national  env i ronment i n  wh i c h  i ncreased coal use wi l l  
ta ke p l ace .  Emphas i s  has  been p l aced on those reg ions  of the  U . S .  i n  wh i c h  impacts wi l l  resu l t  
from the proposed acti on . Data are presented on coal s uppl i es ,  present a i r  and water qual i ty ,  
l and use , and b i o t i c  resources . 

The envi ronmental i mpact analys i s  i s  presented i n  Section  5 .  The a i r  qual i ty analys i s  was done 
by Air Qual i ty Control Reg ion  ( AQCR ) , a geograph i c  un i t  sma l l er than any of the ten demand 
reg i on s .  A ir  qua l i ty effects were projected for 238 AQCRs . Th i s  model i ng req u i red energy u se 
data . The energy use data were estimated a t  the demand-reg ion  l evel and were then d i stri buted 
to AQCRs based on forecasts of future l ocations of fuel use . 

Several l im i ts were imposed on the proj ected o i l  and gas convers ions  of ex i st i ng MFB I s  expected 
for each AQCR ( see Sect ion 3 ) .  The data base used to establ i s h  these l i mi ts was the Maj or Fuel 
Burn i ng Insta l l at ion  ( MFB I )  data f i l e  comp i l ed by the Federal Energy Adm i n i stration  ( F EA )  i n  
1 97 5 .  The data i n  th i s f i l e  i nc l uded the amounts o f  o i l , gas and coal consumed i n  1 974 by 
i ndustrial  combustors wi th des i g n  f i r i ng rates g reater than 99 x 1 06 Btu/ hr ( 1 0  MW ) .  

The quanti ty of o i l or gas convers ion  to coa l i n  exi s t i ng i ndustri a l  pl ants was l imi ted to the 
quan t i ty consumed in l arge combustors ( greater than 99 x 1 06 Btu/ hr )  i n  1 974 . For exampl e ,  i f  
a n  AQCR d i d  not conta i n  any l a rge combu stors , i t  was assumed that there was n o  i ncreased coal 
use due to the FUA. 

L imi ts were a l so  imposed on o i l  and gas u ti l i zation  by MFB I s .  For thi s case , the bas i c  model to 
proj ect energy consumption  i n  new fac i l i t ies , based on projec tions  of emp l oyment and the assump
t i on that the l ocati on of these fac i l i t i es fol l owed ex i s t i ng i ndustrial  l ocati ons . Thus , i t  was 
assumed that no new coa l -capab l e u n i ts woul d be bui l t  in AQCRs wh i ch  do not now conta i n  l arge 
combustors . A second l im i ta t i on on new fac i l i ti es was that projected substi tut ion wh i ch  amounted 
to l ess  than 400 x 1 09 Btu/yr were not cons i dered . The rat i ona l e for th i s  restr i c t i on i s  that 
400 x 1 09 Btu/yr wou l d  represent a l oad factor of only 45  percent  on the sma l l es t  combustor 
be i ng cons i dered to be regu l ated by the program and that such a faci l i ty wou l d  probably not be 
added or el se a smal l er u n i t  not reg u l ated by the proposed action  wou l d  be bu i l t . 

Emi ss i ons  and combust ion wastes were quanti f ied based on the fol l owi ng assumption : ( 1 ) New 
Source Performance Standards ( NSPS)  wi l l  be met for a i r  emi s s ions  of S02 , NOx and part icu l ates ; 
( 2 )  Best Ava i l ab l e  Control Technol ogy ( BACT ) wi l l  be impl emented for cal c u l a t i ng waste scrubber 
s l udge and col l ected fly ash . 

Cumu l at i ve i mpacts through 1 985 and from 1 985 to 1 990 are quan t i f i ed where poss i bl e .  Most of 
these impacts wi l l  conti nue throughout  the l i fe of the new or converted MFB I .  

Thi s document does not conta i n  an analys i s  o f  each s i te on a case-by-case bas i s .  I t  does pro
vide an overv iew of the ful l range of  envi ronmental impacts wh i c h  may occur due to impl ementat ion  
of the  proposed acti on . 

Sec t ion  6 i s  a descri ption  of the effects of FUA wh i c h  cannot be avo ided , and of poss i bl e  
m i t i gat ive measure s .  Sec t i on 7 i nc l udes a d i scu s s i on o f  the i rrevers i bl e  and i rretrievabl e 
comm i tment of resources ,  and i s  a summary of  the extent to wh i c h  coal ut i l i zat ion wou l d  consume , 
destroy or transform scarce or nonrenewabl e resources . Section  8 conta i n s  an eva l uat i on of how 
coal ut i l i zat ion may confl i c t  wi th the o bjecti ves and spec i f i c  terms of approved or proposed 
federa l , s tate and l ocal  l and u se p l ans , pol i c i es , and contro l s  for the affected area . Sec
t i on 9 addresses the extent to wh i ch coal u t i l i zati on wou l d  constra i n  the d i vers i ty and range of 
potent ia l  uses of  the env i ronment . 

Al ternat ives to d i rect coal combu st ion wh i c h  are poss i b l e  dur ing the t ime frame of th i s  ana l ys i s  
and pol i cy options  ava i l abl e t o  the regu l ators o f  the proposed program are found i n  Sec t i on 1 0 .  
A d i scuss ion  o f  the env i ronmental trade-offs o f  u s i ng coal i s  contai ned i n  Sect i on 1 1 .  





3 .  FUEL CONVERS I ON ANALY S I S  METHODOLOGY 

The energy impact analys i s  methodol ogy desc ri bed i n  th i s  section  wa s des i gned to forecast the 
l eve l  of i ncrease i n  the use  of coal and al ternate fue l s in ex i s ti ng and new fac i l i ti e s  as a 
d i rect res u l t of the fuel convers ion  regu l atory program res u l t i ng from the regu l a ti ons i n d i ca ted 
i n  Sec t ion  2 .  Cumul ati ve energy impacts of the prog ram were projected for 1 985 and 1 99 0 .  The 
coal  producti on projections  u sed i n  thi s analys i s  were des i g ned to maximi ze i mpacts expected to 
res u l t from the convers ion  regu l atory prog ram . Envi ronmental and hea l th i mpacts were assessed 
based on these projec ti ons . 

Al though the proj ect i ons i n  th i s E I S  a re based on i ncreased use of coal , the program encourages 
the devel opment and use of techno l og ies  based on other energy sources ( e . g . , b i omas s  and mun i c i 
pal waste ) . The number o f  Btu ' s  o f  gas o r  o i l  that wi l l  b e  subst i tuted for by a fuel other than 
coal are not g i ven due to the uncerta i n ty of  thei r u sag e .  Coa l is assumed to be the overwhel mi ng 
a l terna te fuel c ho i c e .  Other a l ternate fue l s and the i r  impacts a re presented in Secti on 1 0 .  

Nearly a l l  o f  the  i mpacts o f  the program wi l l  occur i n  the i ndustr i a l  sector , where more than 
60 percent of the projected i ncrease in o i l  and gas use in the U . S .  between 1 97 5  and 1 985 i s  
forecast  to occur ( Energy I n format ion  Adm i n i s trat i on 1 978 ) . The p roposed action  appl i es to al l 
new and exi s t i ng fuel -burn i ng i ns ta l l a ti ons w i th a fuel heat i nput  rate of 1 00 m i l l i on Btu ' s  per 
hour  or  greater or  an aggregate of 250 mi l l i on Btu ' s  per hou r ;  howeve r ,  i ncrementa l coal use by 
u ti l i t i es due to the program i s  assumed to be i ns i g n i fi cant , as  exp l a i ned i n  Sec t i on 3 . 1 , and 
the focus  of  th i s  sec t i on i s  on i ncreased coal use in the i ndustrial  sector . 

Al though  fuel use  resul t i ng from the proposed action  wa s not est imated beyond 1 990 , est imates 
were made of  envi ronmental  impacts occurr i ng after 1 990 as a resu l t of convers i ons or construc
t i on by that date . There were two pri nc i pa l  reasons for t h i s .  F i rs t ,  the analys i s  depends 
heavi l y  on the P I ES ( Energy I nformat ion Admi n i strati on 1 978 )  model i ng framework . Energy demand 
projections  from P I ES were taken as exogenous i nputs . Because of the uncerta i nt ies  of the 
resu l ts of the P I ES project i ons  beyond 1 990 , P I ES projec t i ons  for 1 985 and 1 990 on l y  were u sed . 
Second , even i f  P I ES project i ons  beyond 1 990 were avai l ab l e ,  the uncerta i nty i n  the factors 
affect i ng program impac t ,  s u c h  as the amo un t  and l ocat i on of i ndustri a l  growt h , i s  so great that 
the range of  uncertai nty i s  l arger than any estimate of the program impacts . I f ,  for exampl e ,  
the pr ice  o f  natural  gas i ncreases s harp l y  after 1 990 , the impacts of the proposed acti on wou l d  
b e  expected to decrease , s i nce many fac i l i t i es wou l d  convert vol untari l y .  Env i ronmental control 
pol i c i e s  in the 1 980s cou l d precl ude the d i rect u se of coal i n  many areas , al so reduc i ng i mpacts . 

3 . 1  THE  E LECTRI C  UT I L ITY I NDUSTRY 

3 . 1 . 1  Exi sti ng Uti l i ti e s  

Exi sti ng ut i l i t i es wi l l  n o t  be affected by the proposed ac t i on because they have been eval uated 
for convers i on to coal  under the Energy Suppl y and Envi ronmental Coord i n a t i on Act of 1 974 ( ESECA) ; 
many of those u t i l i ti e s  capabl e of converti ng to coal  have been ordered to do s o .  Th i s  prov i s i on 
of the FUA wi l l  be accompan i ed by a " Systems Compl i ance Opt ion , "  al l ow i ng use  of natural  gas 
after 1 990 for any u t i l i ty whi ch  makes a commi tment to restri cti ng such use  to 20 perc ent of i ts 
1 977  l evel . I t  appears that the l arge natural -gas -us i ng ut i l i t i e s  wi l l  be abl e to make and keep 
t h i s  commi tment wi thout i nc reas i ng t he amount  of c urrentl y pl anned new coal capac i ty .  I n  other 
words , the req u i rements of the Systems Compl i ance Opt i on wi l l  be met even wi thout passage of the 
FUA. It is assumed that no add i t i onal coal use wi l l  resu l t from thi s prov i s i c n . 

3 . 1 . 2 Ne�1 Ut i l i t i es 

The FUA wi l l  proh i bi t  the construction  of ut i l i ti es wh ich u se o i l  or natural  gas as the primary 
fuel  u n l ess an exempt i on i s  g ranted . I t  w i l l  not precl ude the construct ion of pl ants u s i ng o i l  
i n  comb inat i on w i t h  coal (m i xed-fuel f i r i ng ) . I n  th i s  case coal  wou l d  have to be the primary 
energy sou rce un l ess the fac i l i ty gets a mi xtures exemption . 

3-1  
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Under certa i n  cond i t i ons , exemptions  from th i s  proh i b i t ion  may be granted to two types of  
fac i l i ti es : 

1 .  For pea k l oad generat ion , combust ion  turb i nes fue l ed by d i st i l l ate o i l  wi l l  be 
permi tted , and exempti ons fo r the u se of natural  gas may be granted . 

2 .  For i n termedi ate - l oad generat ion , fac i l i t i es fue l ed by d i s t i l l a te o i l may be 
g ranted an exempt ion , but the use of  natura l  gas wi l l  not be permi tted . 

Categori es and pol i cy opt ions  i n  the gran t i n g  of exemptions  are d i scu ssed i n  Sect ion  1 0 . 3 .  

The vast maj o r i ty of ut i l i ty construct i on for new basel oad pl ants use e i ther coa l or nuc l ear 
energy . V i rtua l l y  a l l the rema i n i ng p l ants under construc t i on , or pl anned , use natural  gas and 
petrol eum prod ucts for pea k i ng may obta i n  pea k i ng exempt ions  under the FUA . Therefore , i ncreased 
coal use by new ut i l i ti e s  as a res u l t of  the FUA is un l i ke l y  to have any d i s t i ng u i shabl e e ffects 
on the ana lys i s .  

3 . 2  THE I N DUSTR I AL S ECTOR 

3 . 2 . 1  Use of Wo rst-Case Ana l vs i s  

Many factors , s i ng l y  and i n  comb i nat ion , w i l l affect the actual  number o f  fac i l i ti es granted or 
den i ed an  exempt i on .  These factors i n c l ude the l oca t i on and extent of i ndustr i a l  growth , c hanges 
i n  a i r  q u a l i ty standards and federal and state env i ronmental  programs , OPEC pr i c i ng dec i s i ons , 
and devel opments i n  coa l  burn i ng and a l ternate fuel  tech no l o g i e s .  

A "�Iorst-case"  approac h  wa s deve l o ped for th i s  ana lys i s ,  w i th the i ntent of  establ  i sh i ng a 
l i ke l y  upper bound for the range of poss i b l e  i n c reased coal  use  due to the proposed act ion . 
Genera l l y ,  where uncertai nty exi s ted rega rd i ng a pa rt i cu l a r  pro v i s i on ,  convers i on to coal due to 
the proposed act ion  was sys tema t i ca l l y  overstated , as descri bed i n  the rema i nder of th i s  sect i on . 
However , severa l  assumptions were made wh i c h  wou l d  reduce the est ima ted i nc reased coa l use . For 
examp l e ,  i t  was ass umed that no fac i l i ty wo u l d  purchase offsets and thereby be  abl e to l ocate i n  
a nonattai nment a rea . I n  fac t ,  the U . S .  Depa rtment  of Energy ( DO E )  may be abl e to deny an env i 
ronmenta l exemp t i on o n  the bas i s  that such  offsets are ava i l ab l e  and that purchase o f  offsets 
wou l d  not ma ke coa l use so expens i ve as to qua l i fy fo r an econom i c  exempt i o n .  L i kewi se , the 
assumption  that new p l ants w i l l  be cons tructed in the same areas as exi s t i ng fac i l i t i es proba b l y  
resu l ts i n  an overstatement of  t h e  number of  fac i l i t i e s  exempted . 

I n  genera l , however,  the assumpti ons used i n  the overstatement  of i ncreased coal use a re l i ke l y  
t o  b e  mo re s i g n i f i cant . Among the more i mportant  assumptions  are these : 

1 .  Ga s pri ces w i l l  rema i n  contro l l ed and worl d o i l pri ces w i l l  rema i n  cons ta n t .  

2 .  Every ex i s t i ng coal -capa b l e MFBI  that h a s  coa l capab i l i ty wou l d  rece i ve an order 
( i  . e . , no constra i nt  on adm i n i strati ve resource s ) . 

3 .  There wou l d  be no exemptions  gran ted due to s i te-spec i f i c  l i m i tati ons ( fu l l y  20 per
cent of  ex i s t i ng u n i ts are c l a i med not to have space fo r a coal p i l e ) . 

4 .  No exempti ons other than envi ronmental  and econom i c  exemp ti ons wou l d  be granted . 

I t  appears tha t ,  as a resu l t , the f i na l  est imate used represents a substa n t i a l  oversta tement  of 
the l i ke l y  i nc rease i n  coal use  a s  a resu l t of  the proposed ac t i on . 

The i ndustries  shown i n  Tab l e  3 . 1  are the pri nc i pa l  i ndustr i es expected to be i mpacted by the 
fuel convers i on program . 

3 . 2 . 2  The Mode l  ------

The i mpact o f  the proposed ac t i on on fuel use i n  i ndustr ia l  combustors wa s assessed w i th the  a i d  
of  a mode l wh i c h  s i mu l ates fuel  c ho i ce  i n  projec ted i ndustr i a l  combustors . Th i s  model * wa s 
c reated spec i f i ca l l y to assess the impact of the proposed i ncenti ves i nc l uded i n  the Nat iona l  
Energy P l a n . For any of a va ri ety of pol i c i es the model  s imu l a tes i ndustri a l  fue l  cho i ce dec i 
s -j ons and projects o i l ,  gas , and coa l con s ump t i on . Start i ng �Ii th cu rrent po l i cy , o r  "base-case " 
projecti ons of i ndustr i a l  fos s i l fue l  consumpt i on ,  the mode l projects o i l  and gas sh i fts to coal 

*Th i s  model  was devel oped by Energy and Env i ronmental  Ana l ys i s ,  I nc . ,  for the Energy Po l i cy 
Off i c e  of the Wh i te Ho use .  
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a s  s t imul a ted by  proposed pol i cy opt i ons . Base l i ne projecti ons of reg i onal  fue l  pri ces and 
fos s i l  fuel demand u sed in the  model are deri ved from the P I ES model , and a re d i saggrega ted i nto 
a hypotheti ca l  combu s tor  popu l at ion . The model then s i mu l ates the fuel c ho i ce dec i s i on process 
for those i ndustri a l  fos s i l  fuel  processes wh i c h  are techn i ca l l y  capabl e of  u s i ng coa l . The 
model is descri bed in more deta i l  in Append ix  A. The res u l ts of  the model i ng a re presen ted i n  
Section  1 0 . 3 .  The a ssumpti ons  used i n  the model do not refl ect the actual  dec i s i on variabl es  to 
be u sed i n  the  reg u l a tory process . For exampl e ,  no cap i tal  costs were u sed to model econom i c  
pena l ti es assoc i a ted wi th c o a l  u s e . Another ass umpti on i n  the  model i s  t h e  subst i tution  of coal 
for o i l  and natural gas  i n  a l l cases . The regu l atory process wi l l  a l so req u i re or  encou rage the 
subst i tuti o n  of  an a l ternate fuel  for o i l  and natural gas . Al terna t i ves to the use  of coal are 
d i s cu ssed in Section 1 0 .  

3 . 2 . 3 Base-case Scenarios  

The major assumptions  wh ich  served as the  bas i s  for  the energy ana l ys i s  are  conta i ned i n  the  
Seri es  C projections  of  the  1 977 Annual Report of  the Adm i n i s trator of  Energy I nformation  Adm i n 
i strati on . T h e  major economi c assumptions  a r e  deri ved from the  Data Resou rces , I nc .  ( DR I ) ,  
Trend-Long run of December , 1 977 . T h i s  run projects a constant-do l l ar compounded annual  gross 
nationa l  product  growth rate of  3 . 8  percent between 1 97 5  and 1 990 . Tab l e  3 . 1  d i sp l ays the 
constant-do l l ar compounded annual i ndus tr i a l  val u e  added growth rates . The price of  i mported 
o i l  was assumed to rema i n  at  $ 1 3/bbl  ( i n  1 975 dol l ars ) and natura l gas pr ice  regu l at ion  was 
assumed to cont inue  through 1 990 . New Source Performance S tanda rds (NSPS )  were model ed by 
a ss um i ng that the " Best  Ava i l ab l e  Control Techno l ogy" ( BACT ) to be  requ i red on  a l l combu s to rs 
w i t h  f i ring  rates g reater than 2 5  MW through  1 990  wou l d  be compl i ed wi th by the u s e  of fl u e  gas 
desu l furi zat i on and part i c u l ate control . 

Tabl e 3 . 1 . Projected Industri a l  Annual Growth Rates 
( percen t )  

Industry 1 975- 1 98 5  1 985- 1 990  

Food process ing  4 . 3  

Paper and pu l p 4 . 5  

C hemi ca l s  7 . 5  

Refineries  3 . 0  

S tone , c l ay ,  and g l ass  5 . 3  

Prima ry meta l s 4 . 0  

Mac h i nery 5 . 8  

Tota l 5 . 2  

From Data Resources , I nc . , Trend-Long run of  
December 1 3 , 1 97 7 .  

3 . 2 . 4  Methodol ogy for S i mu l a t i on of the Proposed Action 

2 . 5  

2 . 9  

6 . 3  

1 . 9 

3 . 1  

2 . 5  

4 . 1  

3 . 7 

The  proposed acti on was s i mu l ated w ith  the model  i n  the fol l owing  manner .  Al l proj ected o i l 
and gas -fi red i ndustri a l  combustors were cons idered converted to coa l by regu l atory a u thor i ty 
except i n  cases where ( a )  combustors vol u n tari l y  convert to coal ( base l i ne convers i ons ) or 
( b )  comb u s tors were s pec i fi ca l l y  excl uded by the proposed action . F i ve  categories  of excl uded 
combus tors were : 

1 .  Comb u s tors other than bo i l ers . 

2 .  Bo i l ers w i th capac i t ies  l ess  than 1 00 MBtu / h r , whi c h  i s  approxima te l y  1 0  MW of s team 
capac i ty .  

3 .  Exi s t i ng bo i l ers not des i gned to use  coa l . 

4 .  Bo i l ers l ocated i n  areas desi gnated a s  nonatta i nment ( see Sec . 3 . 2 . 4 . 4 ) . 

5 .  Bo i l ers for w h i c h  the  costs of u s i ng coa l are substanti a l l y  h i g her than the costs o f  
u s i ng o i l . 
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These categori es and the way they were s imu l ated are descri bed nl;!l ol'l i n  more deta i l . No other 
exc l us i ons were accounted for in th i s  anal ysi s .  

3 . 2 . 4 . 1  Nonbo i l er Combustors 

Combustors other than boi l ers ( nonbo i l ers )  were cons idered not general l y  s ubject to the conver
s i on authority of the proposed act i on .  Al though some s pec i f i c  nonbo i l er maj or fue l - burn i ng 
i ns tal l ati ons ( MFB I s )  are i denti f i ed i n  the FUA ( gas turb i nes , comb i ned-cyc l e  u n i ts , or i n ternal 
combustion  engi nes ) ,  a vari ety of des i gn barri ers prevent most  of them from bei n g  converted to 
coal . Only by changing the des i gn ( e . g . , repl acing a gas turb i ne wi th a steam turb i ne )  can coa l 
be substi tuted for other fuel s i n  most of these processes . The model i s  speci fi cal l y  des i gned 
to anal yze boi l ers and nonbo i l ers separately and i ncl udes process- spec i fic  detai l for each type 
of combustor . On l y  boi l ers were cons idered i n  the analys i s .  

3 . 2 . 4 . 2  Bo i l ers Les s than 1 00 Mi l l i on Btu ' s  

The FUA appl i es to al l o i l - and gas-fi red b o i l ers whi ch  ei ther have i nd i v idual capac i ty greater 
than 1 00 m i l l ion Btu ' s  or , where more than one boi l er is l ocated i n  a faci l i ty ,  with  combi ned 
capac i ty g reater than 250 m i l l i on Btu ' s .  The model ass i gns  capac i ty deta i l  and mode l i n g  o f  the 
capac i ty exempti on for i nd i v i dual boi l ers was stra i ghtforward . However ,  because no rel i a b l e  
data were avai l a b l e  t o  i nd i cate the increased coal u s e  d u e  t o  convers ions  b y  boi l ers 1 00 mi l l i on 
Btu ' s  or smal l er but w i th a combi ned capac i ty exceed i ng 250 mi l l ion  Btu ' s ,  the combi ned capac i ty 
exempti ons were not mode l ed .  As a resu l t , convers i ons res u l ti ng from the program mi ght be 
somewhat unders tated . However ,  s u bs t i tu t i on of coal wou l d  be overstated to the extent that 
fi rms purchase several smal l er u n i ts ( l ess  than 250 mi l l i on Btu ' s  in the aggregate ) ,  rather than 
a s i ng l e  l arger u n i t .  

3 . 2 .4 . 3 Ex i s t i ng Bo i l ers not Desi gned t o  Burn Coal 

Two important d i sti nctions  are embod i ed in t h i s  excl u s i o n .  Fi rs t ,  each projected combustor i n  
the model i s  des i gnated a s  " new" ( combustors coming on- l i ne i n  1 980 o r  l ater* ) o r  "ex i st i ng " 
( combustors operat i ng today or schedul ed to come on- l i ne pri or to 1 980 ) .  Th i s  d i s t i nction was 
made for two pri nc i pal  reasons , one analytical and one l egi s l ati ve . From an analytical v i ew
poi n t ,  a f irm ' s  i nvestment approach to new u n i ts i s  d i fferent from that for exi s t i ng un i t .  I f  a 
u n i t  a l ready i s  i n  operation , the boi l er cap i tal  cost  has been commi tted . The princi pal costs 
i nvol ved i n  i ts conti nued operati on are those for operati on and ma i ntenance . I f  an al ternat i ve 
fuel i s  to be cons i dered , then both the capi tal costs of  mod i fyi ng the exi st ing  combustor pl us 
the operating  and ma i n tenance costs of the al ternat i ve fuel are compared to the operat i ng and 
mai ntenance costs of the ori g i nal  fuel . The proper compari son for the fue l choice deci s i on for 
new i n vestments ,  however ,  i nvol ves compari s on of ca p i ta l , and operation and ma i n tenance of both 
the ori g i nal  fuel and the al ternat i ve fuel . Because it is a new i nvestment , there is no sunk  
cap i tal . The model i nc l udes th i s  d i fference i n  the nature of  i nves tment dec i s i ons . From the 
l eg i s l at ive standpo i n t ,  the regu l atory program treats new and exi s t i ng un i ts d i fferentl y .  Wh i l e  
many ex i st i n g  u n i ts are covered by the reg u l atory program , only those rece i v i ng orders to convert 
w i l l  be requ i red to convert . Al l new un i ts ,  h owever ,  mu st burn coal or an a l ternate fuel u n l ess 
the owners demons trate to the government that they are el i g i b l e  for an exempt i on .  

The second important di sti ncti on embod ied i n  th i s  excl us i on i s  that of "coal or a l ternate fuel  
capabil i ty . "  Of exi st i ng o i l - and gas-fi red boi l ers , only those which were des i gned or wh ich  
acqu i re the  capab i l i ty to  burn coa l  as the  primary fuel are s u bject to  the  regul atory program . 
On ly  u n i ts des i gned to burn coa l were i dent i f i ed i n  the model based on i nformation  recei ved i n  a 
survey of  MFB I s .  

The authority to order exi st i ng combustors to use mixed-fuel f i r i n g  potent ia l l y  represents 
s ubstanti a l  savi ngs of o i l  and gas . 

For the 1 985 estimate , i t  was assumed that the author ity to order mi xed-fuel fi r ing  wou l d  not be 
u sed . However ,  an ana l ys i s  was performed to estimate the s i gn i fi cance of th i s  ass umpt i on .  In 
th i s  ana l ys i s , it was ass umed that DOE wou l d  order convers ion  of exi s t i ng u n i ts on a case-by-cas-,e 
bas i s ,  ordering  fi rst those u n i ts wh ich  offered the greatest savi ngs i n  o i l  and gas ,  

*A two-year cons truct i on period was assumed for bo i l ers . Any boi l er beg i n n i n g  cons truction  on 
January 1 ,  1 978 , wou l d  not be operati ng until January 1 ,  1 980 . 
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whether mi xtures or sol i d  coal . I t  was further assumed that admin i strat ive resources wou l d  per
m i t  only 1 00 orders to convert per year .  Under these as s umpti ons , the total convers ion  i n  
exi sti ng un i ts was l es s  than the ori g i nal  estimate of  convers i on i n  coal -capab le  uni ts al one 
w i thout the adm i n i s trative  constra int .  For th i s  reason , i t  appears that the assumption that  
mi xed fue l  authori ty is  not  u sed unti l the  mi d-1 980 ' s  does not  cause  i mpacts to  be understated . 

For the 1 990 estimate , i t  was assumed that the m i xed-fuel autho r i ty woul d  be exerci sed i n  1 00 
orders per year ,  s ubjec t to economi c and envi ronmental exempti ons . S i nce i t  was assumed that 
a l l el i g i bl e  exi s ting  coal -capabl e woul d be converted by 1 985 , a l l convers i ons in exi sting  uni ts 
shown i n  1 990 resul ted from the use of the mi xed-fuel  authori ty .  

I t  was a ss umed that there wou l d  be n o  ordered convers i ons  of exi st ing uni ts to syntheti c  gas or 
l i q u i d s  from coal . For the reasons stated above , i t  i s  uncertai n  what effects thi s  assumption.  
in  conjuncti on with  admi n i strat ive resource constra i nts , wou l d  have on increased coal  u se .  

3 . 2 . 4 . 4  Bo i l ers Located i n  Areas Des i gnated as Nonatta i nment 

A bo i l er was assumed to be exempt from the regu l atory program i f  l ocated in a county that i s  
des i gnated a s  a n  a i r  qual i ty "nonattai nment" area , i . e . , a n  area not ach i eving  current a i r  
qua l i ty standards for TSP , S02 , o r  N02 . The impact of th i s  exempti on was estimated for each 
Ai r Qual i ty Control Reg i on (AQCR ) . The projected combus tors were a l l ocated among AQCRs based 
on h i s torical patterns of l ocation of  i ndus tri a l  energy use . Any oi 1 - and gas-fi red boi l er 
l ocated i n  an AQCR des i gnated as nonattai nment was cons i dered exempt from the program , and 
was b locked from converting to coal . Onl y port i ons  of some AQCRs a re nonattai nment . In  such 
i nstances , a fracti on of the total o i l and gas convers i ons to coal were b l ocked , based on the 
fracti on of the reg i on des i gnated as nonatta inment.  

Wh i l e  th i s  represents a substantial s i mpl i f i cation of the env i ronmental exempt ion , it  is  uncer
tai n  whether i t  represents an overstatement or an understatement of the exemption ' s  impacts . 
I t  may overstate i mpacts b ecause the pos s i bi l i ty of purchase of offsets was not s imul ated and 
because the potential  use of syntheti c  coal gas as an al ternati ve was assumed not to be s i g
n i f i cant .  On the other hand , n o  provi s i on was made to account for other programs in  the Cl ean 
A i r  Act , such as the program for Prevent ion of S i qn i f i cant Deteri oration or other measures 
i mposed by State Impl ementation Pl ans . 

3 . 2 . 4 . 5  Bo i l ers for wh i ch the Costs of Us i ng Coal Are Substanti al l y  H i g her 
than the Costs of Us i ng Oi l 

The regu l atory program perm i ts an exemption  to combu stors for wh i c h  the costs of u s i ng coal 
( i nc l ud ing  convers i on costs ) are " s ubstant ia l l y  h i gher" than the costs of u s i ng i mported o i l . 
I n  thi s analys i s ,  the costs of u s i ng coal were cons i dered " substant i al l y  h i gher" than those of 
u s i ng i mported o i l  if they compared unfavorab ly  wi th o i l  when u s i ng a fuel oil  price 50 percent 
h i gher than the worl d o i l  pr i c e , *  wh i ch trans lates to an  approx imatel y 40-50 percent d i fference 
i n  total costs . Th i s  a rti fi c i al ly  h i g h  o i l  pri ce was u sed as the opportun i ty fuel cost for a l l  
o i l -fi red combustors . 

I n  the actua l  regu l atory process capi tal costs and operati on and mai ntenance costs i n  the sub
sti tuti on of coal for o i l  and natural gas wi l l  be cons i dered . The cost i mp l i cat ions  of a l ternate 
fuel s a l so wi l l  be cons i dered . 

Other exempti ons from the program due to s i te-speci fi c  constra i nts on convers i on i ncl ude inacces
s i b i l i ty of coal suppl i es or equi pment associ ated with coal use , and l ac k  of storage area for a 
coal p i l e .  The costs i nvol ved i n  overcoming these i mpediments wou l d ,  of course , be i nc l uded in  
the  general exemption ( see descri pti on of exempti ons , Secti on 1 0 ) .  Because o f  the obvious  d if
f i c u l ties  associ ated wi th  estimating the i mpact of such s i te-spec i fi c  constra i nts , they were not 
taken i nto account i n  t h i s  analys i s .  As a resu l t ,  the degree of convers i on due to the regu l atory 
program may be overstated . 

3 . 2 . 5  Major Va r iab les 

As w i th any attempt to s imul ate a comp l ex real -worl d s i tuat ion , thi s  ana l ys i s  enta i l ed many 
overs imp l i fyi ng assumpti ons . Two key sets of assumpti ons necessari l y  s ubject to a great deal of 

*The worl d o i l pr i ce was s imul ated by the wei ghted average of res i dual  and d i s ti l l ate o i l p l u s  
a crude o i l  equal i zation tax  ( COET ) of $0 . 21 per  mi l l i on Btu ' s .  
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uncerta i nty i nc l ude those regard i ng the projected pri ces of a l ternati ve fue l s  and the treatment 
of envi ronmental exempti ons . 

3 . 2 . 5 . 1 Pri ces of Oi l and Gas 

Fuel pri ces are cri t ica l  to th i s  analys i s  in two ways : determi nat i on of base l i ne convers i on to 
coal and i denti fi cation of bo i l ers subject to' the l egi s l ati on . The base-case l evel s of i ndus
tri a l  consumption  of  o i l ,  gas , and  coal  wou l d  be determi ned by fue l  prices . Th i s ,  in  turn , wi l l  
determ i ne the amount of boi l er o i l  and gas use s ubject to regu l atory l egi s l at ion . The h i gher 
the basel i ne o i l and gas pri ces , the greater the amount of coal that wou l d  be used in the 
absence of  a regu l atory program , and the l ess  foss i l  fuel  demand wou l d be subject to convers i on 
authori ty .  Because the basel i ne used i n  th i s  ana lys i s  assumed continued natura l ga s regu l ation  
and no rea l  r i se  in  the  i mported o i l  pri ce , the  base l i ne l eve l s  of  o i l  and  gas  cons umpti o n  
( thus , the l eve l of o i l  and g a s  use subject to the program ) may be overstated . 

The econom i c  exempt ion  wa s s i mu l ated u s i ng an estimate of  the i mported price of o i l  pl us  a pre
m i um ( coal  must " s ubstan t i a l l y  exceed " the cost of u S i ng o i l at wor l d  prices ) .  The wor ld  price 
of  o i l was assumed in  the P I E S  run to rema i n  constant except for i nf l at ion through 1 990 . Any 
cha nge i n  the pr ice of i mported o i l  wou l d  redefi ne the number of bo i l ers con s i dered subject to 
the l eg i s l a t i on . 

3 . 2 . 5 . 2  Env i ronmenta l Exempti ons 

A major  constra i nt to coa l use in the future wi l l  be enforced atta i nment of a i r  qua l i ty stan
da rds . In th i s  ana lys i s ,  a l l combustors shown tech n i ca l l y  and economi ca l ly capa b l e  of  b urn i ng 
coal  and l ocated i n  AQCRs consi dered to be i n  v i o l ation  of  a i r  qua l i ty standards ( "non
atta i nment" ) were treated as automati ca l ly exempt from the program,  and were cons i dered to be 
prec l uded from coal b urn i ng . 

Each projected combustor  i s  a s s i gned to an AQCR so l e l y  to take account of the impact of non
atta i nment des i gnati ons . New combustor l ocation is based on h i stori cal patterns of i ndustri a l  
energy u se . Future l ocational  patterns of  i ndustrial  energy use may be s ub stant ia l l y  d i fferent ,  
part ia l ly  due to nonattai nment desi gnation s .  Because o f  the enormous  compl ex i ty of anti c i pati ng 
s uch s h i fts and the uncerta i n  i nfl uence nonatta i nment des i gnations wi l l  have , no attempt was made 
i n  th i s  ana l ys i s  to project these s h i fts . To the extent that actual  new un i t  s i t i ng  patterns 
devi ate from h i storical trend s ,  the o i l  and gas use exempt on envi ronmental grounds wi l l  probab ly  
be overstated . 

I t  shou l d  be emphas i zed that a new coal -fi red boi l e r  may be permi tted to s i te i n  nonattai nment 
areas , al though more stri ngent envi ronmental control s and other h i gher costs may have to be 
i ncu rred . S i nce th i s  analys i s  assumes that no coal -fi red u n i ts cou l d  be s i ted in nonattai nment 
areas , the magn i tude of o i l  and gas use exempted on envi ronmental grounds wi l l  tend to be over
sta ted to an unknown extent .  Future amendments of the Cl ean Ai r Act and change s to other env i 
ronmental standards for water and so l id waste may i ncrease the number of exempti ons  due to envi 
ronmental con s i derati ons . 

3 . 2 . 6  1 985 and 1 990 Coal U se Generated by the Regul atory Program 

Projected 1 985 and 1 990 i ndustri a l  conversi ons from oi l and gas to coa l st imu l ated by the regu
l a tory program are shown by  demand reg ion  in  Tab l e  3 . 2 .  A l though the  l eg i s l at ion is  ant ic i pated 
to cause 1 . 35 Guads of conversion  to coa l by 1 985 (a con s i derabl e i ncrease i n  i ndustri al coal 
u se over 1 975 ) ,  1 . 35 quads makes up on ly  7 percent of the total projected U . S .  steam coa l demand 
for 1 985 . Tota l i ndustri a l  regu l atory convers i ons  of 2 . 5 1 quads are on l y  1 0  percent of tota l 
U . S .  steam coal demand by 1 990 . 

3 . 3  COAL OR IG IN  AND DESTI NAT ION 

The projected coal demand in Btu ' s  resu l t i ng from the reg u l atory program was trans l ated i nto 
coal demand by demand regi on in terms of tonnage for assess i ng vari ous  envi ronmenta l impacts . 

The uncerta i n ty about spec i f i c  l ocations of future coal production  to meet add i t i ona l  coa l 
demand generated by the proposed action precl uded a deta i l ed coal transportation  network/ 
ass i gnment analYS i s  from the scope of th i s  study . I n stead , the pub l i s hed resu l ts of the coal 
o ri g i n  and desti nati on  projected to 1 985 by the Bureau of Mi nes ( BOM)  ( 1 976 ) was adopted to 
demonstrate the add i t iona l  coa l production by supply reg ion  requ i red to meet the projected coa l 
requ i rements resu l t i ng from the proposed acti on . The f l ow patterns of the i ncrementa l  coa l 
demand as a resu l t  of the proposed action are shown i n  Tab l es 3 . 4 and 3 . 5  assuming the stabi l i ty 
of the coal d i stri but ion  pattern of the basel i ne proj ec tion by the Bureau of  M i nes ( 1 976 ) .  



3-7 

Tab l e 3 . 2 .  Proj ected Maximum O i l  and Gas Sav i ng s  i n  1 985 and 1 990 
Ac h i eved as a Resu l t  of the Proposed Act i ona 

( 1 0 1 5  Btu ) 

1 98 5  Increment over Base Case 1 990 I ncrement over 1 985 

Demand Exi sti ng Newb Exi st i ngC New 

Reg i ond Oi l Gas Oi l Gas Total O i l  Gas Oi l Gas Total 

0 . 008 0 . 001 0 . 026 0 . 001 0 . 036 0 . 002 0 . 000 0 . 01 7  0 . 003 0 . 022 

I I  0 . 003 0 . 002 0 . 025  0 . 007 0 . 037  0 . 00 1  0 . 001 0 . 01 9  0 . 007 0 . 028 

I I I 0 . 01 2  0 . 003 0 . 028 0 . 004 0 . 047 0 . 00 1  0 . 002 0 . 026 0 . 01 2  0 . 040 

I V  0 . 0 1 7  0 . 044 0 . 070 0 . 044 0 . 1 75 0 . 003 0 . 020 0 . 084 0 . 038 0 . 1 46 

V 0 . 069 0 . 035 0 . 009 0 . 003 0 . 1 1 6  0 . 000 0 . 003 0 . 022 0 . 004 0 . 02 9  

V I  0 . 0 1 1  0 . 1 1 1  0 . 1 41 0 . 506 0 . 769 0 . 004 0 . 1 99 0 . 1 08 0 . 503 0 . 81 4  

V I I  0 . 003 0 . 01 5  0 . 006 0 . 001 0 . 02 5  0 . 000 0 . 002 0 . 003 0 . 01 0  0 . 01 5  

V I I  I 0 . 000 0 . 005 0 . 009 0 . 000 0 . 01 4  0 . 000 0 . 00 1  0 . 006 0 . 005 0 . 01 2 

I X  0 . 00 1  0 . 02 1  0 . 059  0 . 043 0 . 1 24 0 . 007 0 . 007 0 . 01 5  0 . 050 0 . 07 9  

X 0 . 001 0 . 00 1  0 . 007 0 . 000 0 . 009  0 . 000 0 . 000 0 . 007 0 . 000 0 . 007 

Tota l 0 . 1 26 0 . 238 0 . 380 0 . 609 1 . 352  0 . 01 8  0 . 235  0 . 307 0 . 632 1 . 1 93 

aAs sumes Best Ava i l abl e Control Tec hnol ogy ( BACT ) on 250 MBtu / h r ,  Trend-Long basel i n e ,  AQCR 
screen , FGD . Assumes no econom i c  exemption  un l ess coa l  i s  44 percent more costly  than use  
of i mported o i l . Exc l udes un its  smal l er than  1 00 MBtu / hr and exi st i ng non-coal capabl e .  
O i l  pr ice  i s  we i g hted average o f  d i st i l l ate and res i dua l  o i l  p l u s  $0 . 2 1 per m i l l ·i on Btu ' s  
( to account for the Crude Oi l Equ � i zation  Tax [COET J ) .  Assumes u t i l i ty construct ion  w i t h  
coa 1 capab i l i ty . 

bNew u n i t s  are those comi ng on-l i ne i n  1 980 and after , and i nc l ude new bo i l ers of capac i ty 
greater than 1 00 MBtu / h r  w h i c h  are economi cal l y  j u st i f i ed i n  u s i ng coa l or a l ternate fuel  
when the opportu n i ty fue l  cost  is  the imported price  of o i l ( average of res idua l  and 
d i sti l l ate o i l  p l u s  COE T )  and wh i c h  are not l ocated in nonattai nment areas .  

cAssumes exi sti ng u n i ts are those i n  p l ace o r  schedu l ed to come on- l i ne prior to 1 980 , and 
i n c l ude convers ions  due to mi xed-fuel  f i r i ng ( 1 990 on ly ) .  Assumes conver s i ons  of 1 00 u n i ts 
per year. 

dA deta i l ed di scuss i on of the coal demand reg i ons u sed in thi s ana l ys i s  is presented i n  
Sec t i o n  3 . 3 .  

The major coal  f i e l ds o f  the contermi nous Un i ted State s are shown i n  F i g u re 3 . 1 .  

The  BOM coal  fl ow tab l e  ( Bu reau of Mi nes 1 976 , Tab l e  1 6 )  i s  desi gned by coal - produ c i ng d i stri cts 
as ori g i ns and s tates as des t i nati ons . The 23 BOM d i s tri cts ( F i g .  3 . 2 )  are those defi ned i n  the 
B i tuminous Coal  Act of 1 937 . The d i stri cts were or i g i na l l y  estab l i shed to aid i n  formul at i ng 
mi n i mum pri ces of b i tumi nous coal  and l i gni te . Because muc h  stati st i ca l  i nformation  was comp i l ed 
i n  terms of these di stricts , the i r  u se for stati st ica l  purposes has  conti nued s i nce the abandon
ment of that l eg i s l ati on in 1 94 3 .  These d i s tr icts were aggregated i nto e i g ht s upp ly  regi ons 
( Fi g .  3 . 3 ) . The  c orres pondence between the supp ly  reg ions  in th i s  document and the BOM d i s tri cts 
is s hown in Tab l e  3 . 3 .  The  ten coal demand reg i ons u sed in this ana l ys i s  ( Fi g .  3 . 4 )  are those 
i dent i f i ed by the Depa rtment of  Energy a s  S tandard Federal Reg i ons . In  th i s  document ,  
the coal s u p p l y  reg i ons are referred to as Supp ly  Reg i ons 1 through  8 ,  and the  coal demand 
reg i ons as Demand Reg i ons I through X .  



• A nthrac ite, Semi - A nthracite 
and Meta - A nthracite EJ Low -Volat i le Bitumi nous m Medium and H i gh-Vol a t i l e  
Bi tum inous 

IDJ Subbituminous 

e L igni te and Brown Coal 

Fi g .  3 . 1 .  Major Coal  F i e l ds of the Conterm i nous Uni ted States . 
( Keystone 1 977 ) , wi th  perm i s s i on ( see cred i ts ) .  

Based on Keys tone ' s  Map of the Coa l F i e l ds of the Un i ted States 
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Fi g .  3 . 3 .  Map o f  the Contermi nous Uni ted States Showing Coal Supply Reg ions ( by pattern ) 
Used i n  Fuel Conversion Anal s i s  ( Supply Regions 1 throug h  8 )  
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Tabl e 3 . 3 .  Correspondence of Bureau of Mi nes D i stri cts and 
FUA Supply Regions 

Geographi c  Area 

Northern Appal ach i a  

Central Appal ach i a  

Southern Appa lach ia  

M idwest 

Central West  i ncl uding  Texas 

Ea stern Northern Great P la ins  

Western Northern Great P l a i ns 

Northwest  

Rock ies 

Southwest 

Bureau of 
Mi nes 

D i s tri cts ( s )  

1 -6 

7 & 8 

1 3  

9-1 1 

1 2 ,  1 4 ,  1 5 ,  
and Texas 

21 & 22 

1 6 ,  1 9  & 22 

23 

1 7  & 20 

1 8  

From Federal Energy Admin i stration ( 1 976 ) .  

t-
--, I 

L-
--� I 

Average 
Btu/ton 

( 1 06 Btu ) 

24 

24 

24 

22 

1 5  

1 8  

22 

1 9  

Fi g .  3 . 4 .  Map of the Contermi nous Uni ted �tates Showi ng Coal Demand Reg i ons 
( Demand Reg i ons I through  X) Used ln Fuel Convers i on Anal ys i s  
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The coal fl ows i n  th i s  reconstructed ma tri x  (Tabl e 3 . 4 )  are defi ned i n  tonnage as i n  the or i g i 
nal BaM matri x .  S i nce the estimates o f  i ncrea sed coal use ( Tab l e  3 . 2 )  are g i ven i n  Btu ' s ,  and 
because the Btu content per ton of coal va r ies  among supply reg i ons , the tonnage val ues were 
converted to Btu ' s .  

Tab l e  3 . 4 .  1 985 Coa l Di stri buti on by Supply/Demand Reg ion  
( thou sands of s hort tons ) 

Suppl y Demand Regi on  

Regi on I I  I I I  I V  V V I  V I I V I I I  I X  X Total 

1 ,825 1 6 , 795 1 27 , 832 1 01 1 02 , 083 1 00 248 , 736 

2 62 4 , 1 1 4  67 ,962 1 06 , 6 1 7 1 1 2 , 31 3 5 , 924 2 , 1 52 1 3 1 299 , 2 75 

3 44 , 644 741 1 40 45 , 525  

4 86 , 874 1 25 , 259 1 6 , 1 89 1 3  228 , 335 

5 62 1 48 4 7 , 021 1 3 ,0 1 0 60 , 241 

6 5 3 , 399 34 , 606 40 , 032 60 , 608 4 , 993 4 , 41 2  1 98 , 050 

7 1 02 37 1 , 324 1 4 , 46 7  4 , 349 336 20 , 6 1 5 

8 5 , 799 1 6 , 736 22 , 535 

Total 1 ,887 2 1 ,0 1 1 1 95 , 794 238, 298 393 , 239 94 , 09 1  72 , 847 75 , 31 9  26 , 078 4 , 748 1 , 1 23 , 31 2  

From Burea u of M i nes ( 1 976 ) , Tab l e  1 6 .  

The coal ori g in/desti nati on ( 0/ 0 )  coeff i c i ents were deri ved by d i v i d i ng each entry of the Btuba sed fl ow tab l e  (Tabl e 3 . 5 ) by the correspondi ng col umn sum , assum i ng a stab l e coa l fl ow pattern . Thus , the % coeffi ci ents ( Tabl e 3 . 6 )  represent the fractions  of the add i t i onal coal s h i pments from coa l supply  reg i on to coa l demand reg i o n .  

Tab l e  3 . 5 .  Coal Di stribution by Supply and Demand Reg i on 
( 1 0 1 2 Btu ' s )  

Supply  Demand Region 

Reg ion I I I I I I V  V V I  V I I V I  I I  I X  X Tota l 

43 . 8  403 . 1  3 , 068 . 0  2 . 4  2 , 450 . 0  2 . 4  5 , 969 . 7  
2 1 . 4 98 . 7  1 , 63 1 . 0  2 , 558 . 8  2 , 695 . 5  1 42 . 2  5 1 . 6  3 . 1  7 , 1 82 . 3  
3 1 , 074 . 5  1 7 . 8  3 . 4  1 , 095 . 7  
4 1 , 9 1 1 . 2 2 , 755 . 7  356 . 2  0 . 3  5 , 023 . 4  
5a 0 . 9  2 . 2  705 . 3  1 95 . 2  903 . 6  
6a 

961 . 2  622 . 9  720 . 6  1 , 090 . 9  89 . 8  79 . 4  3 , 564 . 8  
7 2 . 2  0 . 8  29 . 1  31 8 . 3  95 . 7  7 . 4  453 . 5  
8 1 1  O .  2 3 1 8 . 0  428 . 2  

Total 45 . 2  504 . 0  4 ,699 . 0  5 , 54 7 . 8  8 , 865 . 4  1 , 598 . 4  1 , 356 . 1  1 , 41 5 . 0  503 . 5  86 . 8  24 , 62 1 . 2  
aWei ghted a verage ( by 1 985 P I ES Coal Producti o n )  based o n  Btu ' s/ton of the aggregated P I ES 

Regions . 

Deri ved from Tab l e  3 . 4  and Federal Energy Admin i strat ion ( 1 976 ) .  
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Tab l e 3 . 6 .  Coal  Ori g i n-Desti nation Coeffi c i ents 

Supply Demand Regi on 

Reg i on I I  I I I  I V  V V I  V I I  V I I I  I X  X Total 

0 . 97 0 . 80 0 . 65 0 . 00 0 . 28 0 . 00 0 . 242 

2 0 . 03 0 . 20 0 . 35 0 . 46 0 . 30 0 . 09 0 . 04 0 . 00 0 . 292 

3 0 . 1 9  0 . 01 0 . 00 0 . 045 

4 0 . 35 0 . 31 0 . 26 0 . 00 0 . 204 

5 0 . 00 0 . 00 0 . 44 0 . 1 5  0 . 037 

6 0 . 1 1  0 . 39 0 . 53 0 . 77 0 . 1 78 0 . 91 5  0 . 1 45 

7 0 . 00 0 . 00 0 . 02 0 . 225 0 . 1 90 0 . 085 0 . 0 1 8  

8 0 . 07 0 . 632 0 . 01 7 

Tota l 1 . 00 1 . 00 1 . 00 1 . 00 1 . 00 1 . 00 1 . 00 1 . 00 1 . 00 1 . 00 1 . 00 

Deri ved from Tab l e  3 . 5 .  

By mul t i p ly i ng the projected i ncrease i n  coa l use ( a s  expressed i n  terms of Btu ' s ;  Tab l e  3 . 2 )  by 
t he entr ies of  the OlD coeffi c i ent  tab l e  (Tab l e  3 . 6 ) ,  the 1 985 and 1 990 coal f l ow pa tterns were 
deri ved i n  terms of tonnage by applyi ng average Btu ' s/ton rat ios  (Tab l es 3 . 7  and 3 . 8 ) . 

Tabl e 3 . 7 .  1 985 Ori g i n  and Desti nation of Coal Demanded a s  a Res u l t of the Proposed Act ion 
(mi l l i ons  of s hort ton s )  

Supply Demand Region 

Regi on I I  I I I  I V  V V I  V I I  V I  I I  I X  X Total 

1 . 5  1 . 2 1 . 2 1 . 3 0 . 00 5 . 2  

2 0 . 0  0 . 3  0 . 7  3 . 4  1 . 5 2 . 8  0 . 0  0 . 0  8 . 7  

3 1 . 4 0 . 4  0 . 0  1 . 8 

4 2 . 7  1 . 6 0 . 3  4 . 6 

5 22 . 6  0 . 2  2 2 . 8  

6 0 . 7  1 6 . 6  0 . 8  0 . 6  1 . 2 0 . 5  20 . 4  

7 0 . 0  0 . 0  0 . 1  1 . 1 0 . 0  1 . 2 

8 2 . 8  4 . 1  6 . 9  

Total 1 . 5 1 . 5 1 . 9 7 . 5  5 . 1  45 . 2  1 . 3  0 . 7  6 . 4  0 . 5  71 .6  

Derived from Federal Energy Admi n i strat i on ( 1 976 ) and Tab l e  3 . 6 .  
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Ta b l e  3 . 8 .  1 990a Ori g i n  and Dest i na t i on of Coal Demanded a s  a Resu l t  of  the Proposed Act i on (m i l l i ons of short ton s )  

S u p p l y  Fede ra l Reg i on 
Reg i on I I  I I I I V  V V I  V I I  V I I I  I X  X Tota l 

0 . 9  0 . 9  1 . 1 0 . 3  3 . 2  
2 0 . 2  0 . 6  3 . 1  0 . 4  3 . 0  7 . 3  
3 1 . 3 0 . 4  1 . 7 
4 2 . 3  0 . 4  0 . 2  2 . 9  
5 1 6 . 3  0 . 1  1 6 . 4  
6 0 . 2  1 7 . 6  0 . 4  0 . 5  0 . 8  0 . 4  1 9 . 9  
7 

0 . 1 0 . 7  0 . 8  
8 3 . 0  2 . 6  5 . 6  

Total 0 . 9  1 . 1 1 . 7 6 . 7  1 . 3 40 . 3  0 . 7  0 . 6  4 . 1  0 . 4  5 7 . 8  
From Federa l  Energy Adm i n i strat ion  ( 1 97 6 ) ; U . S .  B ureau of  Mi nes ( 1 9 76 )  ; Tab l e  3 . 5- 1  i n  Sec . 3 . 5 .  
a 1 990 data s hown a re the i ncrement  over  1 985 . 

The i n c remental coal demand projected a s  a res u l t of the proposed act ion  i s  compa red to 1 985 base case p roduct ion by supp ly  reg ion  for both 1 985 and 1 990 in Tab l e 3 . 9 .  Nat iona l l y ,  the i n c rease is 7 percent over  base case i n  1 985 a nd 1 0  percent i n  1 990 . The  tota l i n  1 990 ref l ects the cumu l at i ve demand for both t i me periods . The g reatest rel a t i ve i ncrease over base case i s  i n  S u p p l y  Reg i on 5 ( 4 1  percen t )  fol l owed by Supp ly  Reg ion  8 ( 2 5  percent )  and Supp l y  Reg ion  3 ( 1 8  percent ) .  

Tab l e  3 . 9 . P roj ected Base-case P roduct ion  and Product i on Expected to Res u l t from the Proposed 
Act i o n  Accord i ng to Supp ly  Reg ion  and Method of Mi n i ng 

( 1 06 ton/yr ) 

____ J 985 ___ _ 
Supp l y  Under-
Region ground Surface 

._---

-_ _  -.l9.�_ 

Under-
ground Surface 

?ro�uction �s���from-'p'!op�'�-;�-
Actionb 

-_-.l�__ _ __ 1 990 __ _ 
Under- Under-

�osed ,..ction�� _ 

---�----

--
�

-- -Under- Under-

86 

189 

ground Surface ground Surface ground Surface ground Su rface -.-.--.--.-----.-- ----�--- -. --- --�--------- -------.-------- - --------------.----------
79 1 4 3  70 

1 1 7  

2 

1 5  
8 _

.� 
Subtotal 4 1 9  

Total 1 080 

86 

1 2  

1 09 

60 

2 7 1  

9 

4 5  

6 7 1  

1 90 80 

1 0  
1 34 1 0 9  

9 1  

329 
1 5  1 3  

- �  _19 -� 
504 7 5 1  1 4 

1 255 

1 1  

2 
18 18 

22 3 7  
2 0  3 9  

3 
36 37 41 4 1  

7 1 2  1 2  
1 

.2 _ 0  _J1 1 5  li> ?? ?§. 
58 27 1 0 2  3c 

9c 
5c 

1 3c 
72 1 2 9  7c 

1 0  
-----_._----------------- --_._----+------ ------ ------------ - - -- - - ---- --------._----------------

aFrom Energy I n fo rmat i on ( 1 978) . b
From Tab l e s  3 . 7  and 3 . 8 .  Proportion of surface m i n i n g  res u l t i ng from the proposed action was assumed to equal the proportion of base-cdse 
surface m i n i ng . 

CWeighted average. 
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4 .  DESCRI PTION OF THE EX ISTING ENV IRONMENT EXPECTED TO 
BE AFFECTED BY THE PROPOSED ACTION 

The i nformati on set forth wi thi n thi s secti on provi des  both past and present data on those 
aspects of the envi ronment whi ch coul d be affected by the proposed action . Because the proposed 
acti on i nvol ves the i ncreased use of coal , the major envi ronmental parameters di scussed are 
those affected by the coal cyc le--ai r qual i ty ,  water qual i ty ,  l and use , and bi oti c res ou rces . 
Data on recent coal producti on and avai l abl e coal reserves a re a l so presented. The di scus s i on 
of these parameters i s  based on the most recent data avai l abl e ,  wi th the intent of descri b i n g  
how the u s e  o f  coal h a s  a n d  i s  presently affecti ng the envi ronment . 

4 . 1  TRANSPORTATION 

Between 600 and 700 mi l l i on tons of coal a re moved each year by the U . S .  transportati on i ndustry.  
The modes of transportation used to  transport coal and  the approximate percentage of  coal moved 
by each mode a re presented i n  Tabl e  4 . 1 .  A more detai l ed descri ption of coa l transportati on i s  
presented i n  Appendix  E . 2 . 4 .  

4 . 2  A I R  QUALITY 

Tabl e  4 . 1  Modes of Coal Transport and 
Percentages of Coal Transported 

Mode 

Rai l road 

Barges  and sh i ps 

Coal s l urry pi pel ine 

Trucks and overl and 
bel t conveyors 

% of Total 

apercentage represents coal moved at 
l east  parti a l l y  by rai l .  

bTrucks and overl and bel t conveyors 
are used primari l y  for short-di stance 
haul s ,  and coal transported by these 
modes i s  u sual l y  transported by water 
or rai l ,  a l s o .  Thus , any percentage 
g i ven woul d not be meani ngful . 

4 . 2 . 1  H i s torical and Seasonal Trends 

Al though some s tates and mun i c i pa l it ies  made quantitati ve measurements of ai r qual i ty ,  there was 
no concerted national effort to determine the exi sting  qua l i ty of the atmosphere unti l 1 970 .  
S i nce 1 970, national emi ss i ons  o f  total suspended parti cul ates (TSP ) , oxi des o f  sul fur ( SOx ) ,  
oxi des  of ni trogen ( NOx ) ,  hydrocarbons ( HC ) ,  and carbon monoxi de ( CO )  have been esti mated by the 
U . S .  Envi ronmental P rotecti on Agency ( EPA ) ( USEPA 1 976 ) .  I n  add i t i on to estimating  emi s s i on s ,  
the EPA measures g round-l evel concentrations  o f  TSP ,  SOz ,  NOz ,  CO , and ozone ( 03 ) .  TSP and CO 
ground- l evel concentrati ons  are measured as d irect emi s s i on products . SOz and NOz a i r  concentra
tions are measured because they are most representati ve of the entire fami l y  of oxi des of sul fur 
and n i trogen , res pecti ve l y .  Ozone , a secondary pol l utan t ,  i s  an i ndi cator of hydrocarbons ; 

4- 1  
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no rel i ab l e techni ques for d i rect meas u rements of  ambi ent hydrocarbon concentrati ons  are a va i l ab l e  
(USEPA 1 975 ) . Nati onal  emi s s i on estimates from 1 970 t o  1 9 76 a re summa ri zed i n  Tab l e  4 . 2 .  Carbon 
monoxide , hydrocarbons ,  and photochemi cal  oxi dants are a l l  i mportant po l l utants associ ated 
primar i l y  w ith veh i cl e  emi s s i ons . Data on emi s s i ons of  hydroca rbons and carbon monoxi de a re 
presen ted i n  Tab l e  4 . 2 .  P hotochemica l  ox idants , of  whi c h  ozone i s  the most commonly meas u red , 
resu l t f rom comp l i cated c hemi cal  reactions i nvol v ing  hydrocarbons , NOx , and sunl i ght ( USEPA 
1 977 ) . More stri ngent emi s s i on standards  from motor veh i c l e s  have caused decreased emi s s i on s  of  
HC  and  CO .  

Indi vi dual states are requ i red to  s ubmi t p l ans to  impl ement the Cl ean Ai r Act .  For those a reas 
presently not meeting  ambi ent a i r  qual i ty standards , projected dates of  compl i ance are requi red . 
By 1 985 , a l l areas i n  the nati on a re to meet ambi ent a i r  qual i ty standards .  

Tab l e  4 . 2 .  S ummary of  National  Emi s s i on 
Estimates , 1 9 70- 1 976 
( 1 06 s ho rt tons/yr )  

Year TSP SOx NOx HC CO 

1 970 24 . 9  32 . 1  22 . 5  32 . 7  1 1 0 . 0  

1 971 2 3 . 6  30 . 8  23 . 5  32 . 3  1 1 0 . 5  

1 972 22 . 4 3 1 . 7 24 . 5  32 . 7  1 1 2 . 4  

1 973 2 1 . 9  32 . 7  2 5 . 2 32 . 8  1 08 . 4  

1 974 1 9 . 3  3 1 . 1  24 . 9  32 . 6  1 00 . 9  

1 975  1 5 . 9  28 . 3  24 . 5  28 . 9  94 . 7  
, .  

1 976 1 4 . 8  29 . 7  25 . 4  30 . 8  96 . 1  

From U . S .  Envi ronmental P rotecti on Agency ( 1 976 ) . 

4 . 2 . 1 . 1  Total S u s pended Partic u l ates  

As shown i n  Tab l e  4 . 2 ,  anthropogenic  (man-made ) TSP  emi s s i ons  have dec reased bf '4 1  percent from 
1 970 through  1 976 , primari ly  as a resu l t  of the i n sta l l ati on of part icu l ate control equi pment on 
industria l  and uti l i ty fac i l i ti e s  and a decrease in the b u rn i n g  of so l id  was tes ( Federal Energy 
Admi n i s trati on 1 9 77 ) . The trends in TSP emi s s ions  by major source category s i nce 1 970 a re s hown 
i n  F i g ure 4 . 1 . 

. ,  

Nati onal estimates  of  anthropogen i c  TSP emi ss i ons  by demand reg i on for 1 975  are shown i n  
F i g u re 4 . 2 .  As the anthropogeni c emi ss i ons of  TSP have dec l i ned , a gene ra l nati onwi de i mp rovement 
in the mea s u red l eve l s  of ambi ent concentrations of TSP has  been noted , as seen in F i gu re 4 . 3 ,  
whi c h  i s  a presentation of national measured TSP g round-l eve l concentrati ons . A map of the 
nati onal maximum mea s u red annual  a ve rage concentra ti ons  of TSP due to a l l sou'rlces i s  p resented 
as F i gure 4 . 4 .  By comparing  Fi g ure 4 . 2  to F i gu re 4 . 4 ,  i t  can b e  seen that those a reas with h i gh 
ground-l evel TSP concentra ti on s  i n  demand reg i ons  I - I V , V I I I ,  and X are a resul t o f  the h i gh 
l evel s  o f  anthropogeni c  emi ss i ons noted i n  F i gure 4 . 2 . However ,  h i g h  concentrations  i n  Reg i on s  
V I , V I I ,  and I X  are genera l l y  d u e  t o  windbl own dust.  Reg i onal  trends i n  measured TSP concentra
t ions  are presented in Fi gure 4 . 5 .  Because emi ss i on contro l s have ?een pl aced on many fue l 
burn i ng i n sta l l at ion s ,  dec reases i n  measured TSP concentra t i ons  have been nQted i n  the northeast 
and Great Lakes  reg i on s .  Wi ndbl own dust i s  not amenabl e  t o  man-made contro l s ,  and TSP concen
trati ons have not decreased s i gn i fi can tly in the west and southwest . 

4 . 2 . 1 . 2 S u l fu r  Di ox i de 

As s hown i n  Tab l e  4 . 2 ,  total emi s s ions of s u l fur  d iox ide ( S02 ) from 1 970 to 1 976 have dec l i ned 
by abou t  8 percent , due primari l y  to the b u rn i ng of l ow- sul fur  coal , decreased coal use by the 
i ndustria l  secto r ,  and i ncreased s u l  fur removal at non-ferrou s  sme 1 ters , and i ncreased s u l fur 
removal at power pl ants ( USEPA 1 976 ) . The trends in SOx emi s s i ons  by major source c ategory are 
presented i n  F i gure 4 . 6 ,  wh i l e  estimates o f  1 975  ,national emi ss i ons  of  SOx are shown i n  
F i g u re 4 . 7 .  Gro und-l evel  measurements of  S02 concentrations have shown general improvement ,  a s  
can be noted from F i g u re 4 . 8 .  Nati onal  measurements of  the second h i g hest 24-hr max imum S02 
concentrations . c ho sen by the E PA a s  a repre sentati ve i ndi cato r  of  S02 l eve l s ,  a re presented on 
a county bas i s  i n  F i g u re 4 . 9 .  Those a reas i n  F i gure 4 . 9  that have h i g h  measured concentrat ions  
a re c l osel y re l a ted to  the  a reas o f  h igh  SOx emi ss i ons  shown i n  F i g u re 4 . 7 .  , 
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F i g .  4 . 1 . 

Nati ona l iota l Suspended Part i cu l ate 
( TSP ) Emi s s i ons , 1 970- 1 976 .  Data 
from US EPA ( 1 976 ) . 

1 970 1971 1972 1973 1974 1975 1976 
YEAR 

F i g .  4 . 2 . 

THOUSAN D  TONS 0 6 1  T O  98 
ii ABOVE 98 0 0 TO 61 

Nati onal  Anthropogen i c  Total Suspended Parti cu l ate (TS P )  Emi s s i ons 
by Demand Reg i o n ,  1 97 5 .  Mod i f i ed from Pechan ( 1 97 7 ) . 
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Fi g .  4 . 3 .  Trends of Peak Dai l y  Tota l Suspended Part icu l ate Concentrations 
from 1 970 to 1 976 at 2350 Samp l i ng S i tes . The 90th percenti l e  
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89 percent are l ower . Data from USEPA ( 1 976 ) . 
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Mod i f i ed from USEPA ( 1 9 76 ) .  
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F i g .  4 . 7 .  Nati onal  S u l fu r  Oxide ( SOx ) Emi s s i ons by AQCR  wi thi n  Demand 
Reg i on , 1 975 .  Modi fied from Pechan ( 1 977 ) .  
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H i g h  ground- l evel concentrat ions  of S02 are general l y  associ ated w i th urban i ndustri a l  areas or 
po i n t  sou rce emi tters , such as  smel ters and power pl ants , and are thus extremel y  l ocal  and depen
dent u pon emi ss i on rates and emi s s i on control s .  However , S02 emi tted h i g h  i nto the atmosphere 
by tal l stacks may be transported great di stances and transformed i nto su l fates and other forms 
of su l fur by compl i cated chemi cal processes . These su l fur compounds are removed from the atmo
s phere by prec i p i tat ion scaven g i n g  and dry depos i t i o n .  A further d i scuss ion  o f  th i s  phenomenon 
i s  fou nd in Secti on 4 . 2 . 1 . 5 .  

4 . 2 . 1 . 3 N i trogen Oxi des 

N i trogen oxi des ( NOx ) are formed during  combust ion at h i g h  temperature . Emi s s i on s  of NOx have 
i ncreased by 1 3  percent s i nce 1 970 ( Ta bl e 4 . 2 ) ,  due primari l y  to ' i ncreases from motor ve h i cl es 
and e l ectri c power production ( Federal Energy Admi ni strati on 1 977 ) . The trends i n  NOx emi s s i ons  
by  major source category are presented in  F i gure 4 . 1 0 ,  where it  can be  seen that  transportation 
and stati onary fue l combusti on domi nate . Nati ona l  est imates of  1 975 NOx emi s s i ons are s hown i n  
F i gure 4 . 1 1 . Unfortunate l y ,  few h i stor ical  data on ambi ent t!0x concentrations are ava i l abl e .  
Tab l e  4 . 3 i s  a l i st ing  o f  those areas w i th suffi c i en t  h i s tori cal data to permi t detecti on o f  a 
trend i n  measured concentrati ons from 1 970 to 1 976 . These areas are general l y  assoc i a ted w i th 
heavy automobi l e  traffi c ,  b ut  i t  i s  l i ke l y  that amb i ent  l evel s of NOx have a l so i ncreased i n  
i ndustri a l i zed reg i ons  due to i ncreased stati onary fuel combust ion . 

4 . 2 . 1 . 4 Me teoro l og i ca l  Effects 

Al though national  emi s s i ons of TSP ,  SOx , HC , and CO have decreased and emi ss i ons of NOx have 
i nc reased , l arge dai l y  and annual variati ons  in the concentrations  measured by l ocal  receptors 
have been noted . Add i t i onal  probl ems i n  i nterpreti ng a i r  qua l i ty data ar i se due to the nature 
of  AQCR v i ol ati ons . I f  any receptor i n  an AQCR measures concentrati ons above a standard for a 
measuri ng peri od , the ent i re AQCR or a portion of an AQCR i s  reported to be i n  v io l at ion , when 
the h i gh concentrati ons may exi st  i n  only a smal l fract i on of the AQCR . Ground-l evel concentra
ti ons of the cri teri a  pol l u tants are genera l l y  a l oca l  probl em due to a s i ng l e  po i nt source or a 
heavi l y  i ndustri al i zed sector .  ( A  point source i s  an i nd i v i dua l , i denti fiab l e emi tter of pol l u 
t i on , such as a pl ant stac k .  A non-po i n t  source  i s  a group of po l l ut ion  emi tters , such as an 
urban reg i on , or an area of pol l uti on-emi tting materi a l , such as  a coal mi ne . )  As more faci l 
i ti es come i nto compl i ance wi th emi s s i on l i mi ts , a i r  qual i ty over a reg i on genera l l y  i mproves , 
even though l oca l i zed effects may cause standards to be exceeded i n  l ocal  areas . 
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THOUSAND TONS B 93 TO 140 
ED ABOVE 140 0 0 TO 93 

F i g .  4 . 1 1 .  Nati onal N i trogen Oxi de ( NOx ) Emi s s i ons by AQCR w i th i n  Demand 
Reg i o n ,  1 97 5 .  Modi fi ed from Pechan ( 1 977 ) .  

Tab l e  4 . 3 . N i trogen D i oxi de Trends i n  Annual 
Ari thmeti c Mean , 1 970- 1 976 

D i rection  of Ca l i forn i a  Non-Cal i forn i a  
Trend S i tes S i tes 

Downward 1 9  77 

No d i rection 4 1 2  

Upward 1 9  1 45 

To tal 42 234 

From U . S .  Envi ronmenta l  Protect ion Agency ( 1 97 6 )  . 

Total 

96 

1 6  

1 64 

276 
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As noted i n  Secti on 4. 2 . 1 . 1 ,  there i s  no absol ute correl ati on between emi s s i on s  ( F i gure 4 . 2 )  and 
measured ground-l evel  concentrat i on s  ( Fi g ure 4 . 4 ) .  The d i spers i on of  pol l utants and the a tmo
spheri c proces ses that occur during  the travel from emi s s i on sou rce to receptor are a l so o f  
i mportan ce .  

The  ground-l evel concentra t i on s  o f  pol l u tants emi tted by a coa l -f i red fac i l i ty are the resu l t  of 
di l u ti on of the combust ion gases emi tted from the s ta c k  duri ng  the t i me those gases travel from 
the stack to the g roun d .  The  va r iat ion i n  g round-l evel concen trati on s  res u l ts from temporal and 
spati a l  vari a t i ons  of  atmosp her i c  condi t ions . The d i s pers i on of the pol l utants of i nterest and 
the ground-l evel  concen trations  that affect p l ants , an ima l s ,  so i l s ,  and wate r s u rfaces a re 
determined  by the comp l ex i n teracti on of ( 1 ) the phys i cal  characteri s t i c s  of the p l an t  s tac k ,  
( 2 )  the p hys i cal  and c hemi cal  propert i es o f  the emi tted effl uents , ( 3 )  the meteoro l og i cal  con d i 
t i ons  at  and near the s i te during  the t i me t h e  effl uent trave l s  from stack t o  ground- l evel  
recepto r ,  and ( 4 )  the topography of  the p l an t  s i te and s urroun d i ng areas . By dete rm i n i ng appl i 
cab l e val ues o f  each o f  these vari ab l e s ,  est imates o f  ground-l evel concentrati on s  res u l t i ng from 
p l an t  operat ions  can  be made u s i ng s u i tabl e mode l s .  

Meteorol og i ca l  phenorena other than di spers i on that affect ground-l evel concen trat ions  i nc l ude 
pre c i p i tat ion scaven g i n g , dry depos i ti o n ,  and effl uent transformati ons . P rec i p i tat i on may 
remove gaseou s , l i qu i d ,  or so l i d effl uents from the pl ume prec i p i tati on scaven g i ng , thereby 
redu c i n g  t he amount  of po l l utant and thus decreas i ng ground- l evel  ai rborne concentrations  
(Johnson e t  a l . 1 977 ) . Ga ses may adsorb onto part i c u l ate matter and fal l from the p l ume to the 
so i l  or vegeta t i ve cover ( dry deposi t i on ) .  I n  add i t i on , other c hemi ca l s  or parti c l e s  i n  t he 
p l ume or t he a tmos phere may react w i th t he effl uents and sunl i g h t  to form d i fferen t products , or 
decay to s tabl e gaseous or so l i d  compounds ( effl uent trans fo rmati ons ) .  Chem i c a l  reac t i on t i mes  
are we l l  known for certa i n  effl uents , but  may be  h i gh l y  var i ab l e , dependi ng upon  tempe ratu re and 
avai l a b i l i ty of wa ter  vapor , other c hemi ca l s ,  sunl i g h t ,  catalysts , or  s u i ta b l e  part i cu l ates 
before reacti ons occ u r .  

A s  a measure of t h e  potent i a l  for h i g h  l evel s o f  a i r  pol l ut i on , t h e  U . S .  E PA has  measured mi x ing  
h e i ghts and w ind  s peeds thro ug hout  the U . S .  The m i x i ng h e i g h t  i s  i nd i cati ve o f  the vertica l  
extent of  d i l u t i on in  the l ower a tmosphere , and  can  be fo recast and  measured wi th rou t i ne data . 
Those days w i t h  l ow m i xi ng he i ghts  and l i g ht winds  tend  to l ead to h i gh measured val ues of 
po l l utan ts .  I f  s uch  a n  e p i sode l asts for more than one day , background concentrations  are 
e l evated , and the pol l ut ion  prob l em i s  enhanced . Measured days of h i g h  pol l ut ion  potent ia l  are 
s hown i n  F i gures 4 . 1 2  and 4 . 1 3 . Fi g ure 4 . 1 4  i s  a map of the total forecast  days of 
h i gh meteoro l o g i ca l  poten ti a l  for a i r  pol l u t i on .  As seen in these f i g u res , Reg i on s  I I I  and I V  
h ave the g reate s t  meteorol og i ca l  potent ia l  for severe pol l u t i on probl ems i n  the eas t , whi l e  
Re gi ons V I I I ,  I X ,  and X l ead i n  the wes t .  I n  a l l  o f  these reg i ons , t h e  pri mary cause o f  the 
potent i a l  is a h i gh -pressure system rema i n i ng stati onary for some l ength of t i me .  These systems 
reduce vert ica l  m i x i ng and have l i ght  wind  s peeds , w h i c h  reduce pol l ut ion  di l u t i on , and i ntense 
s un l i g h t ,  wh i c h  i n c reases fuel  burn i n g  d ue to i ncreased demands on power product ion faci l i ti es .  
Dur ing  pro l onged pol l u ti on e pi sodes i n  t he pas t ,  mandatory reduct ions  i n  emi ss ions  have been 
req u i re d .  

4 . 2 . 1 . 5  Past  Trends i n  Pol l ut i on -caused P henomena 

V i s i bi l i ty 

V i s i b i l i ty i s  defi ned as the maximum hori zontal d i stance at whi c h  promi nent objects can be seen 
or  can be recogn i zed ( Berry et al . 1 945 ) . Reduction  in v i s i b i l i ty i s  the res u l t  of scatter i ng 
of l i ght  from t he surfaces of a i rborne part i c l es . The degree of l i ght  scatte r i ng i s  re l ated to 
part i c l e  s i ze , aerosol dens i ty ,  and t h i ckness of the affected a i r  mass , as we l l  as the p hy s i ca l  
c haracteri st ics  of the  s uspended parti c l e s .  The parti c l es can be natural , s uch  as wi ndbl own 
dust  or fog , or anthropogen i c  i n  or i g i n  such  as smo ke or c hemi cal re l eases . I n  add i t i o n ,  sec
ondary pol l utants such  a s  p hotochemica l  smog contr ibute to v i s i bi l i ty red uc t i on ( Chambers 1 976 ) . 

Vi s i b i l i ty measu rements are normal l y  made by s u bjec t i ve observati ons ,  al though i ns truments to 
measure the transm i s s i on of  l i ght  t hroug h  a port i on of the atmosphere ( transmi ssomete rs ) are 
ava i l ab l e ( Hewson 1 976 ) . These measu rements have been con strued to represent the gene ra l  pol 
l ut i on l evel s of the atlnosphere , but  the s ubjec ti v i ty of observers and the l i mi ted appl i cab i l i ty 
of transm i s s ometers make v i s i b i l i ty measu rements h i gh l y  i naccurate for s pec i fy i n g  the mag n i tude 
of pol l ut i on . No nati onal s tandards for v i s i b i l i ty are present ly  in effec t ,  and v i s i b i l i ty 
measu rements a re of l i mi ted usefu l ness i n  asses s i ng the i mpacts of pol l u tant emi s s i ons  or the 
trends in a i r  qual i ty .  

Greenhouse E ffect 

Because the atmo s phere i s  re l a ti vely transparent to so l ar radi a t i on wh i l e  be ing  re l at ive l y 
opaque to l on g -wa ve terre s tri a l  rad i at i on ( g reenhouse effec t ) ,  t he earth ' s  surface rema i n s  
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F i g .  4 . 1 2 . I s o p l e t h s  of To ta l Number of E p i sodes a n d  E p i s o de - Days i n  5 Yea r s  w i th M i x i n g  He i g h t s  52000 m ,  
W i n d  S peeds 56 . 0  mi s ,  a n d  N o  S i g n i f i ca n t  Prec i p i t a t i on for E p i s o d e s  La s t i n g  a t  Lea s t  2 Days . 
From Ho l zworth ( 1 9 72 ) . 
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LETTERS I N D I CATE SEASON W I TH GREATEST 
NUMBER OF E P I SODE-DAYS . W = W I NTER,  
SP = SPR I NG ,  SU = SUMM E R ,  A = AUTUMN . 

Fi g .  4 . 1 3 . I s o p l e t h s  o f  To ta l Number of E p i s o d e s  a n d  E p i s o d e - Day s i n  5 Yea r s  wi t h  M i x i n g  Hei g h t s  52000 m ,  W i n d Speeds $6 . 0  mis , a n d  No S i gn i f i ca n t  Pre c i p i ta t i on fo r E p i s o d e s  La s t i n g a t  Lea s t  5 Days . From Hol zworth ( 1 9 72 ) .  
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Fi g .  4 . 1 4 .  I s opl eths of Total N umber of Forecast-Days of H i gh Meteorol o g i ca l  Poten t ia l  for 
Ai r Pol l u ti on i n  a 5-Year Peri od .  Data are based on forecasts i ssued s i nce the 
prog ram began , August 1 , 1 960 , and Oc tober  1 , 1 963 , for the eastern and western 
parts of the Uni ted Sta tes , res pecti vel y ,  through  Apri l 3 ,  1 970 . From Hol zworth 
( 1 972 ) . 

warmer than i t  wou l d  i f  th i s  effect d id  not exi s t .  I f  the atmos pher i c  concen tra ti on of CO2 were 
to i ncrease , theory predi cts that the ground-l evel temperatures  shou l d  a l so i ncrease . Increased 
atmos pheri c carbon d i oxi de con centrat ions  due to fos s i l -fuel combus t i on were fi rst noted i n  
1 940 , dati ng from about 1 860 to 1 940 . The trend i n  temperature was examined ,  and i t  was found 
that the average worl d temperature had i ndeed i ncreased from 1 860 to 1 940 . Howeve r ,  s i nce 1 940 
CO2 concentrati ons have cont in ued to i ncrease ,  whi l e  g l oba l average temperatures have decreased 
( Ne i b urger et a l . 1 973 ) .  Other factors must therefore be determ i n i n g  the earth ' s  average tem
perature . I ncreases i n  the earth ' s  temperature and the concentration  of part i cu l ates  cou l d  l ead 
to i ncreased c l oud i ness , i ncreas i ng the amount  of sol ar rad iat ion refl ected back to space and 
resu l t ing  i n  decreased s u rface temperature s .  The earth ' s  greenhouse effect i s  both very impor
tant and very poorly u nderstood . The preci s e  effects of fl uctuat i ng atmospher ic  CO2 concentra
ti ons or g l obal temperature , rai nfal l ,  and w i nds are unknown (McCormick  and Hol zworth 1 976 ) .  

Aci d  Rai n  

The aci d i ty o f  rai n and snow fal l i ng o n  the Uni ted States has been rl s l ng for several decades . 
Evi dence suggests that aci d  rai n  damages trees and other p l ants and i s  l i n ked to s harp decl i nes  
i n  the numbe r of fi s h  i n  s treams and l akes . I n  addi t i on ,  i n creased aci di ty acce l erates weather
i ng of bui l di ngs and corros i on of ma teri al s (L i kens 1 976 ) .  

I ncreased aci d i ty ( l owered pH ) of ra i n  i s  apparently due to i n creased contri buti ons of s trong 
aci ds ( s u l fu ri c ,  n i tri c ,  and hydroch l ori c )  i nto the atmosphere . The maj or new source of these 
strong aci ds is the combusti on of foss i l  fuel s ,  parti cu l arly coal ( see App . E and App . I ) .  

Natu ral sources s uch as carboni c  aci d ( from CO2 + H20 ) , sal t spray , dus t ,  and vo l can i c  emi s s i ons , 
wou l d  normal l y  be expected to produce a mi n imum pH of 5 . 6 .  I sopl eths o f  the aci di ty o f  prec i p i tati on 
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in  the  Uni ted States are shown in  F i g u re 4 . 1 5 .  On l y  the  eastern port i ons of the  U n i ted States 
( Demand Reg i ons  I to V )  are affected ( 1 966 data ) . Fi gure 4 . 1 6  del i neates th i s  reg i on of abnormal 
aci d i ty ( 1 973 data ) .  There appears to be a defi n i te trend :  as burn i nq of fos s i l fue l s i ncreases 
upwi nd of a reg i on ,  pH of p rec i p i tati on tends to decrease ( F i gs .  4 . 1 7  and 4 . 1 8 ) . Coal emi ts greater 
q uanti ties of s trong acids than petro l eum and far more than natura l  gas (App . E ) . F l ue-gas 
des u l furi zati on programs on exi s t i ng fac i l i ti es may s l ow or reverse th i s  apparent trend . 
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Fi g .  4 . 1 5 . Preci p i tati on pH During  June 1 966 .  From L i kens ( 1 976 ) . 

Effects of  acid  ra i n  on terrestri a l  and aquati c ecosystems are w i des pread , and terrestrial  
effects are not yet quan t i fi ed .  A marked decl i ne in  the pH ( to l ess  than 5 . 5 )  of thousands of 
l a kes and ri ve rs of southern Norway and Sweden has resu l ted i n  dec l i nes (and often el imi nat ion ) 
of  f i s h  s pec i es , parti cu l a rly trout and sa lmon . The number of  l akes wi thout trout has i ncreased 
dramat ica l l y in the past 1 5  years , co i nc id i ng  w i th a l arge i ncrease i n  the combus t i on of foss i l  
fue l s .  I n  North America , a major decl i ne i n  the s port f i s heries  of the La Cl oche Mounta i n  Lakes 
of north cen tral Ontari o has a l s o  apparently resu l ted from aci d fa l l out  i n  ra i n  and snow ( Beami sh  
and Harvey 1 972 ) . Effects of aci d i ty on  vegetati on and  so i l s  are more di ffi cu l t  to i n terpret  but 
are the subject of much concern.  Aci d  preci pi tation has been impl i cated in i ncreased l eachi ng 
of i norgan i c  nutrients and organ i c  s ubs tances from fol i age ; acce l e rated cut icu lar  eros i ons ; l eaf 
damage ; al tered response to pathogens , symbi onts , and saprophytes ; reduced germi nat i on of  seeds 
and seed l i ng s ;  a l tered avai l ab i l i ty of nutrients in the soi l ;  decreased soi l res p i rat ion ; and 
i ncreased l edch i ng of i ons in the so i l ( see revi ew by L i kens 1 976 ) . 

4 . 3  E X I ST ING WATER RESOURCES , WATER QUAL I TY ,  AND WATER USE 

4 . 3 . 1  Water Resource Regions 

The boundaries  of  the Demand Reg i ons do not necessari l y  refl ect Water Resource Reg i o n  boundari es , 
wh i c h  are based on wa tersheds and stream bas i ns ( Fi g .  4 . 1 9 ) . The Un i ted States conta i ns a 
di vers i ty of  water resources , both su rface and underground . The characteri st ic  su rface water 
bod i es ( ru nn i n g  waters , l akes , reservo i rs ,  coas ta l  bays , etc . )  and groundwater aqu i fers found i n  
each o f  the Water Resource Reg i ons are descri bed i n  Append i x  F .  
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Genera l l y  speak i n g , coal resources i n  the eastern Uni ted States are found i n  areas of abundant 
prec i pi tati on , whi l e  the western resou rces are found i n  ari d areas .  The Appal achi an Bas i n  coal 
resources are pri mari l y  found i n  the Oh i o ,  Ten nessee , and South Atl anti c-Gu l f Water Resource 
Reg i on s .  Coal resources of  the I l l i no i s  and Wes tern I nteri or Bas i ns are l argel y  i n  the Mi ssouri 
Bas i n ,  Upper Mi s s i s s i ppi , Oh i o ,  and Arkansas -Whi te-Red Water Resource Reg i ons . Further wes t ,  
coal resources are pri mari ly  i n  the Mi ssouri  Basi n ,  Upper Col orado , and Lower Col orado Water 
Resource Reg i ons . Howeve r ,  coal resources are found i n  other Water Resource Reg i ons , as wel l .  
Where coal mi n i ng has been ci ted as a contri butor to reg i onal water qual i ty and water use prob
l ems , thi s has been di scussed in  Appendi x F .  

Typ i ca l l y ,  surface waters are the  domi nant water source i n  the eas tern Uni ted States , whereas 
groundwater resources are important i n  the West .  

Water qual i ty probl ems are rel ated to  both poi nt-source and non-poi nt-source d i s charges . Poi n t  
sources ( e . g . ,  i ndustri al effl uents ) are amenab l e  t o  con trol , and cons i derab l e  progress has been 
made i n  the i r regu l at i on .  However , non-po i n t  sources ( e . g . , agri cu l tural runoff ) have been more 
d i ffi cu l t  to control . 

The d i scuss i on of envi ronmen ta l effects i n  Sect ion 5 wi l l  be rel ated to both Water Resource 
Reg i on s  and demand and supply reg ions ,  where appropriate .  

4 . 3 . 2  Wi l d  an d Scen i c  Ri vers 

In accordance wi th the Wi l d  and Sceni c  Ri vers Act ( Pub .  L .  90-542 ) ,  sel ect ri ver segments of the 
Uni ted States have been des i gnated as wi l d ,  scen i c ,  and/or recreati onal . These waters are to be 
preserved i n  a free-fl owi n g  condi t i on , and the i r  val ues ( sceni c ,  recreat i ona l , geol ogi c ,  f i s h  
and w i l dl i fe ,  h i stori cal , o r  c u l tura l ) are t o  b e  protected . The categori zati on as  wi l d ,  scen i c ,  
o r  recreati onal i s  a funct i on o f  devel opment and acces s i b i l i ty .  Wi l d  ri ver areas are free o f  
i mpoundments , and general l y  i naccess i b l e  except by trai l ,  wi th pri m i ti ve watersheds o r  s hore l i nes 
and unpo l l uted waters . Scen i c  ri vers are access i b l e  in  pl aces by roads . Recreational  r i ver  
areas are  readi l y  acces s i b l e  by  road or rai l road and  may have undergone some shorel i ne devel op
ment as wel l  as past impoundment or di vers i o n .  I n  add i t i on t o  the s tream i tsel f ,  the des i gnated 
area may i nc l ude a corri dor up to 0 . 8 km ( 0. 5 mi l e )  i n  wi dth al ong the ban k ,  al ong the stream 
( U . S .  Department of the I n teri or 1 97 7 ) .  The ri ver areas are to be admi n i s tered so  tha t the val ues 
caus i ng the areas to be i nc l uded i n  the Wi l d  and Scen i c  Ri vers System are protected. Primal'y 
empha s i s  i s  to be g i ven to protecti ng aestheti c ,  scen i c ,  h i stori ca l , archaeol ogi cal , and sci en
t i f i c  features . Other uses that do not i nterfere wi th these val ues wi l l  not be l i m ited .  

Tab l e  4 . 4 i s  a l i s ti ng of  the r iver  segments presentl y  i nc l uded in  the Nati onal Wi l d  and  Scenic  
R i vers System ; t he state , Federal Reg i on ,  and  Water Resources Reg i on s  ( Fi g .  4 . 1 9 )  in  which  they 
are l ocated ; and l engths of the wi l d ,  scen i c ,  and recreati onal segments . I n  addi tion to these 
19 segments , others are under cons i derati on for i ncl u s i on or have been proposed for addi ti on to 
the l i s t .  Many s tates a l s o  have wi l d  and scen i c  r iver  programs .  

4 . 4  EX I STING  LAND USE 

Coal mi n i ng i n  the contermi nous Un i ted States has had a number of important i mpacts on l and use . 
Land that i s  mi ned for coal i s  converted from i ts ori g inal  use to a vari ety of new use5 , which  
i nc l ude the excavated areas , spo i l  and was te d i s posal areas , areas for b u i l d i ngs  and process i n g  
fac i l i ti e s ,  storage areas , a n d  areas used for access  a n d  hau l  roads .  The amount a n d  type of 
l and affected depends on the reg i on ,  the type of terra i n ,  and the type of mi n i ng operati on . 
I nd i rect i mpacts on l and  u se often occur on l ands adjacent to those actua l l y mined . Land s l i des , 
s ubs idence associated wi th deep mi nes , e ros ion , and ac i d  m ine dra i nage can often a l ter adjacent 
l ands to such an exten t that the use prior  to mi n i ng i s  comp l ete ly  e l i mi nated .  I n  the  past , 
many s urface and underground mi ned l ands have been abandoned and l and use of these areas has 
been severe ly  restri cted . The Surface Mi n i ng Con trol and Recl amati on Act of 1 977  requi res 
recl amation of a l l  surface mi ned l an ds and l ands di s turbed at the su rface by underground mi n i n g .  
The Act al so  conta i n s  a provi s i on whereby funds wi l l  b e  avai l ab l e  for recl aimi ng abandoned mi ned 
l ands . The amount  of l and i n  need of recl amat ion because of coal m i n i n g  i s  g i ven i n  Tab l e  4 . 5  
for each o f  the demand reg ions  a s  o f  1 977 . These areas i nc l ude both abandoned and acti ve m i ne 
s i tes . 

I n  add i t ion to mi n i ng i mpacts , trans portation  and combust ion of coal have a s i gn i f icant impact 
on l and use . At the reg i onal  l evel , i t  is d i ffi cu l t  to assess  the contr i b ut i on that coal trans
portati on ma kes to  the  t.otal transportat ion  system . At  a l ocal l evel , however ,  the amount of  
l and used i n  the  con structi on of acces s roads and  ra i l  spurs for speci f i c  coal mi nes can  be  
determ i ned . Combustion  of c oal  requ i res l and  for ( 1 ) bo i l er faci l i t ies , ( 2 )  storage of coal for 
immedi ate use and for reserve storage ,  and ( 3 )  d i s posal  of f l y  ash , s l udge , and other wastes 
produced . I n  heav i l y  i ndustri a l i zed or  urban areas where competi t ion  for l and i s  i n tense , coa l 
burn i ng faci l i ti es may b e  forced t o  transport wastes and reserve suppl i es o f  coa l t o  d i s tant 
l ocati ons where s u i tdb l e l and is ava i l ab l e .  



Tab l e  4 . 4 .  Components o f  the Nat i ona l  W i l d  and Scen ic  Ri ve rs System 

Demand Water Resource SJ's tem (m i l  es l a 

Ri ver State Regi on Reg i on Tota l Wi l d  Scen i c  Recreati ona l  

Cl earwater ,  M idd le  Fork 1 0  X Pac i fi c  Northwest 1 85 54 1 3 1 

El even Poi nt MO VI I Arkansas-Whi te-Red 44 44 

Fea ther CA I X  Cal i forn i a  1 08 33 1 0  65  

F lathead MT VI I I Paci fi c Northwest 2 1 9  98 4 1  80 

Mi ssouri MT VI I I  Mi s souri Bas i n  1 59 72 28 59 

Rap i d  I D  X Pac i f i c  Northwest 31 31 

Ri o Grande NM V I  R i o  Grande 53 52 

Rogue OR X Paci fic  Northwest 85 33 8 44 

Sal mon , Middle Fork I D  X Pac i f i c  Northwest 1 04 1 03 1 

Snake I D , OR X Pac if ic  Northwest 67  33 34 

Al l agash  ME New Engl and 95 95 

Chattooga N C , SC , GA I V  South Atl anti c-Gul f 57 40 3 1 5  
.,.. 
.!.. 
co 

Li ttle  Beaver OH V Ohi o 33 33 

Li ttl e Miami OH V Ohi o 66  18  48  

New NC I V  Ohi o 27  27  

Obed TN I V  Tennes see 46 46 

St. Cro i x  MN , W I  V Upper Miss i ss i ppi  200 1 8 1  1 9  

St . Croi x ,  Lower MN ,W I  V Upper Mi s s i s s i pp i  5 2  1 2  40 

Wol f  W I  V Great Lakes 25 25 

From U . S . Depa rtment of  the I nteri or ( 1 977a ) .  
al mi l e  = 1 . 6 km. 
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Tab l e  4 . 5 . Lands Req u i r i ng Rec l amat i on 
Because of Coa l Mi nesa 

Land Area 

Demand Reg i ons  Hectares 

I 
I I  
I I I  1 75 , 221 
IV 1 61 , 1 09 
V 21 6 , 093 
V I  24 , 955 
V I I  54 ,984 
V I I I  35 ,409 
I X 368 
X 502 
Total 668 , 64 1  

aData based on U . S .  Department of  Agri c u l ture ( 1 978) . 

Acres 

432 , 979 
398 , 1 08 
533 ,974 
6 1 , 664 

1 35 ,869 
87 ,498 

9 1 0 
1 ,241 

1 ,652 ,243 

The general pattern of l and use throughout the conterm i nous  Uni ted States is s hown in F i gure 4 . 20 
by demand reg i on .  I nspect ion  of thi s f i gu re s hows that l and use  associ ated with  ea stern coal 
resources is predomi nantly forest l and . Cropl and i n  the east ranges from 8 to 21 percent of the 
l and u s e ,  and urban l and i s  part icul arly i mportant  in the northeast .  Muc h of  the  eastern coal 
resource is associ ated with h i l l y to mounta i nous  terra i n ,  wh ich  makes eros ion , l and s l i ppag e ,  
a n d  a c i d  m ine  dra i nage i mportant  i mpacts o n  l and for thi s  area . 

I n  the m i dwest , crop l and i s  the predomi nant l and use , a l though urban devel opments associ ated 
wi th the Great Lakes and the Oh i o  and Mi s s i s s i pp i  r i ve rs are i mportant features of  the reg i on .  
Much of the mi dwestern coal resource u nderl i es agri cu l tural l an d ,  and expl oi tati on o f  coal 
pl aces an  addi ti onal demand on prime farml and s .  The new stri p-mi n i ng l eg i s l at i on requ i res that 
a l l prime farml and that is m i ned must be rec l a imed to a l evel of producti v i ty equal to or  greater 
than that wh i ch exi sted prior  to m i n i ng . Aci d  mine  dra i nage assoc iated wi th area stri p-mi n i ng , 
contou r stri p-mi n i ng , and deep mi n i ng can be a severe probl em i n  th i s  part of the coun try . 

The major western coal depo s i ts are associ ated with  rangel ands i n  the northern p l a i ns and moun
ta i n  state s .  The  major probl em associ a ted w ith  strip -mi n i ng i n  t he  west  i s  t he  rec l amat ion of 
the mi ned l ands .  The general s carci ty of  water and the probl ems associ ated wi th wind eros ion 
p l ace severe l im i tations  on the success of rec l amati on . Where i rrigation  i s  pos s i b l e  or where 
prec i p i tation i s  somewhat h i gher ( e . g . , al ong the eastern border of the regi on ) ,  successful 
rec l amat ion appears to be feas i b l e .  However ,  in drier parts of the reg i on , careful  eval uation 
of recl amation  potential  i s  needed prior to permi tti ng  coal extraction .  Prime farml and i s  a 
scarce commod i ty i n  the west , and expl oi tati on of coal reserves underl yi ng such  farml and shou l d  
be proh i b i ted or very carefu l l y control l ed to avo i d  l os s  of these important l ands . 

A more detai l ed descri ption  of l and use for the farm product ion reg ions  of the Uni ted States i s  
g i ven i n  Appendi x G .  

4 . 5  COAL P RODUCTION AND RESOURCES 

Coa l depos i ts exi st in  at  l east 40 of the 50 states (Ave ri tt 1 97 5 ;  Trumbu l l  1 960 ) ;  however ,  i n  
1 975 on ly  2 6  s tates had produci ng coal m i nes  (Mi n i ng I nformati ona l  Servi ces 1 977 ) .  Coal o f  poor 
q ua l i ty or such  l imi ted extent as  to have questi onab l e  econom i c  va l ue may never be m i ned .  The 
ca l c u l ation of total reserves and resources exc l udes those depos i ts .  Reserves are those coal 
depos its  of suffi c i ent  qual i ty ,  th i c kness ,  and extent to be economi ca l ly mi ned at  the t ime the i r  
quanti ty i s  est imated . Resources are a l l the depos i ts which  may be economi cal to mi ne at the 
present or at any future t ime .  An estimate of coal resources i nc l udes the reserves estimate .  
Coa l reserves by s tate and reg i on are quan ti fied i n  the tabl es i n  th i s  secti on . Estimates of 
known and hypothes i zed resou rces are g i ven in the text . 

Major coa l  f ie l ds of the conterm inous Un ited States are s hown i n  F i gure 3 . 1 .  
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4 . 5 . 1  Demand Reg ion  I (Connecti cut , Ma i n e ,  Massachu setts , New Hamps h i re , _ 
Rhode I s l and , Vermont) 

4 . 5 . 1 . 1 Coal Producti on 

At present there i s  n o  coa l m i n i ng in  Reg i on I .  

4 . 5 . 1 . 2  Coal Resources 

The onl y coal depo s i t s  l ocated in Reg i on I are the a nthraci tes i n  the Narragansett Bas i n  of 
Ma ssachu setts a nd Rhode I s l and .  No  mi ne deve l opmen t  i s  proj ected between now and  1 987 ( N i e l sen 
1 97 8 )  . 

4 . 5 . 2  Demand Regi on I I  ( New York , New Jersey ) 

4 . 5 . 2 . 1  Coal Produc t i on 

At present t here i s  no coa l m i n i ng i n  Reg i on I I .  

4 . 5 . 2 . 2  Coal Resources 

Reg i on I I  coal  depos i t s  a re l ocated in the ma i n l and port i o n  of the reg i on ,  under l y i ng 10 square 
mi l e s  of the s tate of New York ( U . S .  Bureau of the Cen sus  1 973 ) and a smal l a rea i n  New Jersey . 
Reserves a re so sma l l as to n o t  be i nc l uded i n  t he U . S .  Bureau of Mi nes  tota l s  ( Mi n i ng I nforma-
ti onal Servi ces 1 977 ) .  

4 . 5 . 3  Demand Re i on I I I (De l aware , 
West V i rgi n i a  

4 . 5 . 3 . 1  Coal P roduct ion 

i n i a ,  Wash i n  ton , D .  C . , 

The  bu l k  of the coal l oc a ted  i n  Reg i on I I I  i s  depo s i ted i n  a th i ck ,  conti n uous  sequence of beds 
i n  the Northern Appa l ac h i a n  Basi n (Averi tt 1 97 5 ) . These depo s i ts have been we l l  preserved i n  a 
l a rge sync l i n e . I n d i v i dual  f i e l d s  trend general ly to the northeast .  Ran k ranges from h i gh 
vo l ati l e  b i tumi nous  coal i n  the west t o  t h e  anth raci te s  of e a s t  Pennys l van i a .  Coa l seams are 
excavated by contour , mou n ta i n top  removal , and auger methods of surface mi n i ng a s  wel l a s  by 
underground mi n i ng .  O l d  c u l m  and s i l t banks l a i d  down i n  the early days of anthrac i te mi n i ng 
are now economi cal  to mi ne aga i n .  These accounted for 45 percen t of the total anthra c i te pro
duct ion  i n  1 97 5  ( Edmunds 1 97 7 ) . Ri ver dredg i n g  is al so used for anthrac i te product ion , but 
accounts for o n l y  about 2 perce n t  of the total (Weste rstrom 1 975 ) .  Reg i on I I I  1 97 5  coal pro
duct ion and qua l i ty are shown in Tabl e 4 . 6 .  

Tab l e  4 . 6 .  Demand Reg i on I I I Coal P roduct ion and Qual i ty ,  1 97 5  (m i l l i on s  of s hort tons )  

----- ----------- "--- --- --.---------- �-- - ------ ---_. -�--- -- ------ -- - --- ----- -

Statea Produ c t i on 
Total 

Underground 
Produc t i on 

Surface 
Production  

___ _ _  �_.6.s.h _ _  _ 

Average Range 
------------------- - . - - --------- -- ---- ------- - --- - - - - ---.-.-- ------- ---

_ .
... 

Maryl and 2 . 606 
Pennsylvan i a  8 9 . 766 
V i r g i n i a  35 . 5 1 0  
West V i rg i n i a  1 09 . 283 

Reg i onal 
tota 1 237 . 1 65 

--- -- --- ---- " -

0 . 054 2 . 552 
45 . 227 4 4 . 539 
2 3 . 1 81 1 2 . 329 
88 . 357 2 0 . 926 

1 56 . 8 1 9  80 . 346 
---_ . - - - - -- - - -_. 

_
_ 

. -

1 5 . 1  5 . 1 -27 . 4  
9 . 0  4 . 1 -3 9 . 5  
9 . 0  1 . 2 -26 . 3  

1 1 . 2  2-34 . 4  

1 0 . 0  1 . 2-39 . 0  

From M i n i ng Informa t i onal  Serv i ces ( 1 97 7 )  and Cava l l a r'o e t  a 1 . ( 1 976 ) .  
aNa coal was mi ned i n  Del aware or Washi ngton , o .  C . ,  i n  1 97 5 .  
bNA--not a va i l ab l e .  

.5 __ Io_t0 _ Sulfur_ 
Average Range 

2 _ 3 0 . 6 - 4 . 2  
2 . 3  0 . 4 -4 . 3  
0 . 8  0 . 3 - 3 . 7  
2 . 5  0 . 4 -9 . 0  

2 . 2  0 . 3- 9 . 0  

Pyr i t i c  _B_tujlll. ___ 

Sul fur ( avg _ ) .A.verage Range 
. -- .. - - -- ------ - ---- ------1 .  75 1 3 , 450 1 2 , 5 1 0- 1 4 ,480 

1 .  60 1 3 ,000 1 0 , 67 �-NAb 

0 . 1 9  1 3 ,400 1 1  , 1 70-1 5 ,000 
1 .  62 1 3 , 200 1 0 ,200- 1 5 ,800 

1 .  38 1 3 , 1 56 1 0 ,200- 1 5 ,800 
-- - - ----- -----
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4 . 5 . 3 . 2  Coa l Resources 

By January 1 ,  1 974 , est imate s ,  Reg i on I I I  conta ins  206 , 705 mi l l i on short ton s of coal in known 
and hypothes i zed depos i ts l es s  than 1 829 m ( 6000 ft ) deep (Averi tt 1 975 ) .  Reg i on I I I  demonstrated 
coal reserves are s hown i n  Tab l e  4 . 7 .  

Tab l e  4 . 7 .  Demand Reg i on I I I  Demonstrated 
1 974a , b  January 1 ,  

Reserves b� ; 

State c 
< 1 .  0 1 . 1 - 3 . 0  

Maryland 1 35 . 1  690 . 5  

Pennsylvania 7 ,3 1 8 . 3 1 6 , 91 3 . 6  

V i rg i n i a  2 , 1 40 . 1  1 , 1 63 . 5  

We st  V i rg i n i a  1 4 ,092 . 1  1 4 ,006 . 2  

Reg i onal total 2 3 , 685 . 6  3 2 , 773 .8  

From U .  S .  Bureau of M i n e s  ( 1 974 ) .  
aB i tumi nous coal and l i g n i t e .  

(mi  1 1  i ons of 

S u l fur Content 

> 3 . 0  Unknown 

1 8 7 . 4  34 . 6  

3 , 799 .6  2 , 954 . 3  

1 4 . 1  330 . 0  

6 ,823 . 3  4 ,652 . 5  

1 0 ,824 . 4  7 , 97 1 . 4  

Coal Reserve Base as of 
short tons ) 

Reserves by Mi n i ng Mode Tota l d 

Underground Surface Reserves 

901 . 9 146 . 3  1 , 048 . 2  

2 9 , 81 9 . 2  1 , 181 . 4  30 ,996 . 6  

2 , 970 . 7  679 . 2  3 , 649 . 9  

34 ,377 . 8  5 , 21 2 . 0  3 9 , 58 9 . 8  

68 ,069 . 6  7 ,2 1 8 . 9  7 5 , 284 . 5  
�----- - - � -

bDeroo n s trated reserves are those coal  depo s i ts w h i c h  have been measured o r  geo l o g i ca l l y  projected 
to a h i g h  confidence l evel and are of a suffi c i e n t  q ua l i ty and vol ume to be economi cal ly mined 
a t  the time of the determi n a t i o n  (Averi tt 1 97 5 ;  U. S. Hureau of Mi nes 1 973 ) .  

cThere are no mea s u ra b l e  reserves i n  Del aware o r  Wa s h i ngto n ,  D .  C .  
dData may not add t o  tota l s  because o f  i ndependent round i ng .  

4 . 5 . 4  Fl ori da i ,  North Carol i n a ,  

4 . 5 . 4 . 1  Coa l Product ion 

Except for the coa l mi ned i n  Western Ken tucky , al l coal mi ned i n  Reg ion  I V  (Tab l e  4 . 8 )  comes 
from the southern end of the Appa l achi an coa l bas i n .  Western Ken tucky coa l comes from the 
I l l i n o i s  bas i n  depos i ts .  A s i gn i f ican t port ion of the coal produced in Reg i on I V ,  parti cu lar ly  
i n  Eastern Ken tucky and  Al abama , i s  s u i tabl e to  be u sed as part of a cok i n g  coal b l end , and 
probab l y  wi l l  cont i n ue to be reserved for that pu rpose . Most other coal i s  used for i ndustry ,  
ut i l i t i e s , and other purposes. Most of  the coal i s  h i g h-vol ati l e  b i tumi nous . Notabl e exceptions 
are the l i gn i tes of southern Al abama and Mi s s i ss i ppi . 

Tab l e  4 . 8 .  Demand Reg i  on I V Coal Production and Q ua l i ty ,  1 975 

Total Underground Surface % Ash % Total Sul fur 

Statea Production Production Production Average Range Average Range 

Alabama 2 2 . 644 7 .6 14  1 5 . 029 9 . 5  1 . 2-21 . 7 1 . 3  0 . 4 -4 . 9  

Georg i a 0 . 060 0 . 060 5 . 8  2 .4-9 . 0  0 . 8  0 . 7- 1 . 0  

Kentucky 1 4 3 . 6 1 3  65 . 632 7 7 . 981 1 2 . 8  3 . 5-39 . 0  2 . 8  0 . 6-5 . 1  

Tennessee 8 . 206 3 . 806 4 . 254 7 . 9  1 . 9-23 . 8  1 . 2  0 . 4- 5 . 8  

Regional 
total 1 74 . 523 77 . 052 97 .874 1 2 . 1  1 . 2-39 . 0  2 . 5  0 .4-5 .8  

From Mining In format ional Serv i ce s ( 1 977 )  a n d  Cava l l aro e t  a1 . ( 1 976 ) .  
aNo coal was mi ned i n  F l or i da , M i s s i s s i pp i , North Caro l i na ,  o r  South Caro l i na i n  1 9 7 5 .  
b

NA- -not a va i l ab l e .  

4 . 5 . 4 . 2  Coal  Resources 

(mi l l i ons  of  short tons ) 

�� Pyr i t i c  Btull b 

S u l fu r  ( avg . )  Average Range 

0 . 70 1 3 , 700 1 1 , 3 1 0- 1 5 , 140  

NAb 
1 4 ,475 1 4 ,398-14 ,628 

1 .  24 1 2 ,602 8 , 543- 1 4 ,200 

0 . 40 1 3 ,670 1 0 ,940 - 1 5 ,000 

1 . 1 3  1 2 ,802 8 , 543- 1 4 ,200 

Region I V  demons trated coa l reserves are shown in Tabl e 4 . 9 .  Reg i on IV coal  depos its  l ess than 
1 829 m ( 6000 ft )  deep and hypotheti cal resou rces are esti mated at 1 62 , 357  mi l l ion  short tons 
(Averitt 1 975 ) . 
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Tab l e  4 . 9 .  Demand Reg i on I V  Demonstrated Coal Reserve Base a s  of 
January 1 ,  1 974a , b  (mi l l i on s  of short ton s )  

Reserves bl' % Sul fur Content Reserves bl' M i n i ng Mode Total d 

StateC 
< 1 . 0 1 . 1 - 3 . 0  > 3 . 0  Unknown Underground Surface Reserves 

A l a bama 624 . 7  1 ,099 . 9  1 6 . 4  1 ,239 . 4  1 ,798 . 1  1 , 183 . 7  2 , 981 .8  

Georgia 0 . 3  0 0 0 . 2  0 . 5  0 0 . 5  

E a s t  Kentucky 6 , 558 . 4  3 , 32 1 . 8  299 . 5  2 ,729 . 3  9 ,466 . 5  3 ,450 . 2  1 2 ,9 1 6 . 7  

Wes t Kentucky 0 . 2  564 . 4  9 ,243 . 9  2 , 81 5 . 9  8 , 7 1 9 . 9  3 ,904 . 0  1 2 , 623 . 9  

North Carol ina 0 0 0 31 . 7 31 . 3  0 . 4  31 . 7 

Tennessee 204 . 8  533 . 2  1 56 . 6  88 . 0  667 . 1  3 1 9 . 6  986 . 7  

Reg i onal total 7 , 388 .4  5 , 51 9 . 3  9 , 7 1 6 . 4  6 ,904 . 5  20 ,683 . 4  8 ,857 . 9  29 , 541 . 3  
.----�--------- ---------.----

From U .  S .  Bureau of Mi nes ( 1 974 ) . 
aB i  tuminous coal and 1 i gn i te . 
bOemons trated reserves are those coal deposi ts  w h i c h  have been mea s u red or geo l o g i ca l l y projected 

to a h i gh confi dence l evel and are of a suff i c i ent qual i ty and vol ume to be economi ca l l y mi ned 
a t  the t i me of the determi nation (Aver i t t  1 9 7 5 ;  U. S. Bureau of Mi nes 1 973 ) .  

cThere are no measurabl e reserves i n  F l o r i da o r  South Carol i n a .  M i s s i s s i pp i  ha s some l i gn i te 
reserves. 

dOata may not add to total s because of independent roundi n g .  

4 . 5 . 5  Demand Regi on V ( I l l i noi s ,  I ndi ana , Mi chigan , Mi nnesota , Oh i o ,  Wi scon s i n )  

4 . 5 . 5 . 1  Coa l Producti on 

About one-thi rd of Reg i on V coa l  i s  mi ned underground (Table 4 . 1 0 ) . Surface m i nes  are primari l y  
area s tri p mi nes . 

Tab l e  4 . 1 0 .  Demand Reg i on V Coa l P roduction and Qual i ty ,  1 975  (mi l l i ons  of s hort ton s )  

Total Underground Surface % Ash % Tota 1 Sul fur % Pyr i t i c  
Btu/ l b  

Statea Produ c t i on Produc t i on Product i on Average Range Average Range Sul fur (avg . )  Average Range 

I I I  i no i s  59 . 537 31 . 875  2 7 . 662 11 . 6  3 . 0-24 . 0  3 . 5  0 . 6-6 .0  2 . 1 0  1 1 ,350 9 , 600-1 5 ,000 

In di ana 25 . 1 24 0 . 188 24 . 936 1 1  . 3  6 . 0-1 9 . 8  3 . 3  1 . 2-7 . 1  2 . 30 1 2 , 1 28 1 0,900-1 3 ,430 

Oh i o  46. 770 1 5 . 455 31 . 31 5 1 4 . 7  5 . 0-20 . 0  3 . 9  1 . 0-6 . 0  2 . 50 1 2 ,250 10 ,000-1 3 ,000 

Regional 
total 1 31 .  431 47 . 51 8  8 3 . 91 3 1 2 . 66 3 . 0-24 . 0  3 . 6  0 . 6-7 . 1  2 . 30 1 1 ,822 9 ,600- 1 5 ,000 

From M i n i n g  Informational Services ( 1 97 7 )  and Caval l a ro et a1 . ( 1 97 6 )  . 
aNo coal was mined i n  M i c h i gan , Mi nnesota , or Wi scons i n  i n  1 97 5 .  

4 . 5 . 5 . 2  Coa l Resources 

Coal reserves (Tab l e  4 . 1 1 )  are l ocated i n  three di st i nct depos i t i onal  bas i ns .  Eastern Ohi o con
tai ns  coal seams which  are part of the Northern Appal achi an bas i n  deposi ts .  These are h i g h
volati l e  bi tum inous  coal s wh i c h  can be mechan i ca l l y  c l eaned to s l i ght ly  reduce the s u l fu r  l e ve l s .  
About 83 percent o f  th i s  coal i s  used for steam generati on . 

The M ich i gan Bas i n  conta i n s  depos i ts of bi tumi nous coa l . Much of t h i s  i s  not currently  economi cal 
to m ine .  Mi chi gan has  no operati ng  coa l  mi nes . 

The coal of I l l i no i s  and I nd i ana ( a l s o  Wes tern Ken tucky , whi ch  i s  l ocate d  i n  Regi on I V )  i s  depos
i ted i n  the I l l i no i s  bas i n .  The su l fu r  contents of I l l i no i s  and I ndi ana coa l s  are general l y  
s l i g ht ly  h i gher than those of the Appa l ach i an coal s ,  and the Btu ' s  per pound a re l ower . 

By January 1 ,  1 974 , estimates , Reg i on V conta i ns 348 ,892 mi l l i on s hort tons of coal i n  known and 
hypothesi zed depos i ts l es s  than 1 829 m ( 6000 ft ) deep (Averi tt 1 97 5 ) . 
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Tab l e  4 . 1 1 .  Demand Reg ion V Demonstrated Coal Reserve Base as of 
Jan uary 1 ,  1 974a , b  (mi l l i ons of short tons ) 

-------. 

Reserves b'y �:', Sul fu r_ Conte_n_t ___ ll.es���_1>Y.J!.in i ng Mode Tota l d 

Sta teC 
< 1 . 0 1 . 1 - 3 . 0  > 3 . 0  Unknown Underground Surface Reserves 

------ -------------

I l l i n o i s  1 ,095 . 1  7 , 34 1 . 4  42 , 968.9 1 4 , 256 . 2  53 ,441 . 9  1 2 ,222 . 9  65 ,664 . 8  

I nd i ana 548 . 8  3 , 305 . 8  5 ,262 . 4  1 ,504 . 1  8 ,948 . 5  1 ,674 . 1  1 0 ,622 . 6  

Mi chi gan 4 . 6  85 . 4  20 .9  7 .0  1 1 7 . 6  0 . 6  1 18 . 2  

Ohio 1 34 . 4  6 ,440 . 9  1 2 ,634 . 3  1 ,872 . 0  1 7 ,423 . 3  3 ,653 . 9  21 ,080 . 2  

Regional total 1 , 782 . 9  1 7 , 1 7 3 . 5  60,885 . 8  1 7 ,639 . 3  79 ,931 . 3  1 7 ,551 . 3  97 ,485 . 8  
--------------

From U .  S .  Bureau o f  Mi nes ( 1 974 ) . 
aBi tuminous coal and l i g n i t e .  
b

Oemons t r a  ted reserves a r e  those c o a  1 depos i ts wh i c h  h a  ve been llIeasured or geo l og i c a  1 1y projected 
to a high confidence l evel and are of a suffi c i ent qua l i ty and vol ume to be economi ca l ly mined 
a t  the t i me o f  the determi nation (Ave r i tt 1 9 7 5 ;  U. S. Bureau of Mines 1 9 73 ) .  

cThere are no mea surable reserves i n  W i sconsin  o r  Mi nnesota . 
d

Oata may not add to tota l s  because of i n dependent rounding . 

4. 5 . 6  Demand Regi on VI (Texas , Loui s i ana, Arkansas , New Mexico,  Okl ahoma) 

4 . 5 . 6 . 1 Coa l Production 

The coal produced i n  Region V I  (Tabl e 4 . 1 2 )  comes from a w ide variety of phys iographic provinces 
and d i sti nct bas i n s .  Almost al l mining  in th i s  region i s  done by area surface methods . Arkansas 
coal is used primari ly for coke ( Howard 1 977 ) . On ly 1 6  percent of the Okl ahoma coal was used at 
cok ing  and manufacturing pl ants in  1 976;  82 percent was shi pped to e l ectric-powered generating 
pl ants ( Howard 1 977 ) .  

Tabl e 4 . 1 2 .  Demand Region V I  Coal Production and Qua l i ty ,  1 975 (mi l l ions of short tons ) 

._----------

Tota l Underground Surface ---.!�- _ .7".1£):.2.l S u 1 f u"- Pyr i t i c  _ __  Btu/l b ___ 

Statea Production Product ion Production Average Range Average Range Su l fur (avg . )  Average Range 

Arkansas 0 . 488 0. 488 1 0 . 1 4 . 1 -2 3 . 2  2 . 5  1 . 1 - 4 . 0  2 . 30 1 2 , 1 26 4 ,660 - 1 4 , 324 

New Mexico 8 . 785 0 . 50 8 . 285 1 4 . 3  3 . 1 -22 .8  0 . 6  0 .4-3 . 5  0 . 20 1 1  ,958 9 , 100- 1 5 , 200 

O k l a hOO1a 2 .872 2 . 872 1 0 . 1  4 . 2-22 . 6  3 . 1  0 . 4-6 . 3  1 .  90 1 3 ,600 1 1 ,562-1 4 ,430 

Texas 1 1  . 002 1 1 .  002 1 7 . 2  9 . 1 -40.8 1 .  75  0 . 8- 3 . 3  NAb 7 ,582 6 , 1 30-7 ,9 16  

Reg i onal 
tota l 2 3 . 1 4 7  0. 500 2 7 . 647 1 4 . 62 4 . 1 -40 .B  1 .  28 0 .4-6 . 3  o . 67c 1 0 ,057 4 ,460- 1 5 ,200 

-------------------------------

From M i n i ng I n formational Services ( 1 97 7 )  and Cava l l aro et a1 . ( 1 976 ) .  
aNo coa l was mi ned i n  Lou i si ana i n  1 9 7 5 .  
bNA--not ava i l ab l e .  
cExc l u d i ng Texa s . 

4. 5 . 6 . 2  Coal Resources 

Region VI coal resources are l i sted in  Tabl e  4. 1 3 . The Okl ahoma and Arkansas depos i ts of  
bi tuminous coal and  an thrac ite are the southernmost portion of the western region of the Interior 
Coal Province ( Fri edman 1 977 ) .  The rank increases to the east ,  ranging from h i gh-vol ati l e  
b i tumi nous coal s i n  Okl ahoma ( Fri edman 1 977)  to l ow-vol ati l e  bi tumi nous and semi -anthrac i te 
coal s i n  Arkansas ( Howard 1 9 77 ) . 

The Texas b i tumi nous and sub-bi tumi nous resources are di stri buted i n  three areas : North-Central 
Texas , the Rio Grande Embayment, and TranS -Pecos , Texa s .  None of these reg ions is bei ng actively 
mi ned ( Howard 1 977 ) . Accordi ng to Keystone forecasts of new coa l  capaci ty by 1 987 , no new mi nes 
are projected in these regi ons (Niel sen 1 978) . 
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Tabl e 4 . 1 3 .  Demand Regi on V I  Demonstrated Coa l Reserve Base a s  of 
January 1 ,  1 974a , b  ( mi l l i on s  of s hort tons ) 

Reserves b:t � Su l fur Content Reserves bj' Mining Mode Total d 

StateC 
< 1 . 0 1 . 1 - 3 . 0  > 3 . 0  Unknown Underground Surface Reserves 

Arkansas 81 . 2  463 . 1  4 6 . 3  74 . 3  402 . 4  263 . 3  665 . 7  

New Mexi c o  357 5 . 3  793 . 4  0 . 9  27 . 5  2 1 3 6 . 5  2258 . 8  4394 . 8  

Okl ahoma 275 . 0  326 . 6  241 . 4  450 . 5  860 . 1  434 . 1  1 294 . 2  

Texas 659 . 8  1 884 . 6  284 . 1  440 . 0  3271 . 9  327 1 . 9 

Regional total 4591 . 3  3467 . 7  572 . 7  992 . 3  3399 . 0  6228 . 1  9626 . 6  

From U .  S .  8ureau o f  Mi nes { 1 974 } .  
aBi tuminous coal and 1 i g n i te .  
b Oemonstrated reserves are those coal depo s i t s  which have been measured o r  geo l o g i cal l y  projected 

to a h i gh confidence l evel and are o f  a suffi c i ent qual i ty and v o l ume to be economi c a l l y  mi ned 
at the time o f  the determi nation (Averi tt 1 975;  U. S. Bureau of Mines 1 97 3 ) . 

c Lou i s i ana conta i n s  a sma l l  amount of l i gn i te reserves . 
dOata may not add to tota l s  because of i ndependent round i n g .  

Most of  the New Mex i co coa l i s  s ub-bi tuminous  to h i g h-vol ati l e  b i tum i nous .  The San J uan bas i n  
i n  northwestern New Mex ico conta i n s  the l argest percentage o f  New Mex i co ' s  reserves . Except for 
steep ly  di ppi n g  eastern and northern boundari es , the coal  i s  eas i l y  mined by area stri ppi ng 
( Kott l owski  and Beaumont 1 977 ) .  Coal i n  the Raton f ie l d ,  the second l argest ,  i s  mi ned by under
g round methods . A l arge percentage of the coal  from the Raton f i e l d  i s  used as coki ng coal 
( Kottl owsk i  and Beaumont 1 97 7 ) . Mos t  of the smal l er coal f i el ds in the southern two-thi rds of 
New Me x i co have l ocal ly  steep d i ps and n umerous  fau l ts and are not as  exten s i ve ly  m i ne d .  Semi 
anthraci te and anthraci te coal ex i sts  i n  the Cerri l l os f i e l d  where the coal has been metamorphosed 
by heat from adjacent i gneous i ntru s i ves  ( mol ten rock wh i ch subsequently coo l s and sol i d i f i es ) .  

L i gn i te deposi ts are l ocated i n  a broad i n termi ttent band that extends northeasterly from south
central Texas to central Arkansa s .  Only in Texas  are the l i gn i tes  currently be ing  mined . Con 
s i derab l e  l i gn i te expl oration i s  currently i n  progress .  Al l m i n i ng i s  done by area stri p p i ng . 

By January 1 ,  1 974 , e st imates , Reg i on V I  conta i ns 362 , 92 1  short tons of coal i n  known and 
hypothesi zed depO S i ts l es s  than 1 829 m ( 6000 ft ) deep (Ave ri tt 1 975 ) . 

4 . 5 . 7  Demand Regi on V I I  ( Iowa , Kansas ,  Nebra ska , Mi ssouri ) 

4 . 5 . 7 . 1  Coa l Product ion 

The coal deposi ts i n  Reg i on V I I  a l l be l on g  to the Western Interi or  Coal Prov i nce . Most  are 
h i gh-vol ati l e  b i tumi nous and a re concentrated in the center  of the four-state reg ion . I n  addi 
t i on , some l ig n i te deposi ts are scattered throughout central Kansas . Most  of the mi n i ng i s  done 
by area m i n i n g  techn i q ues (Tab l e  4 . 1 4 ) . 

Tabl e 4 . 1 4 .  Demand Reg i on V I I  Coa l Producti on and Q ua l i ty ,  1 975 (mi l l i ons  o f  short ton s ) 

Total Underground Surface .-_%_�- ,%, Total Sulfur % Pyri t i c  Btull  b 

Statea Production Product i on Product i o n  Average Range Average Range Sul fur (av g . ) Average Range 

Iowa 0 . 622 0 . 400 0 . 222 1 6 . 2  6 . 8-26 . 8  6 . 7  2 . 5-1 2 . 8  4 . 60 1 1  ,592 1 0 ,242-1 3 ,259 

Kansas 0 . 479 0 0 . 479 22 . 5  5 . 0-34 . 0  3 . 8  2 . 0-1 0 . 0  3 . 80 1 1 ,458 8 , 500- 1 2 , 857 

Mi ssouri 5 . 638 5 . 638 1 5 . 2  8 . 4-29 . 0  4 . 7  3 . 0-7 . 5  3 . 30 1 1  ,663 1 0 , 000- 1 2 , 500 

Reg ional  
total 6 . 739 0 . 400 6 . 339 1 5 . 8  5 . 0-29 . 0  4 . 8  2 . 0 -1 2 . B  3 . 50 1 1 ,642 8 , 500-1 3 ,259 

From M i n i ng I nfonnati onal  Services { 1 97 7 }  and Caval l aro et a1 . ( l 97 6 )  . 
aNo coal was mined i n  Nebraska i n  1 97 5 .  
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4 . 5 . 7 . 2  Coal Resources 

I n  general , coal s of Regi on V I I  are c ha racteri zed by rel at i ve ly  h i gh s u l fu r  contents (Tab le  4 . 1 5 ) .  
They have cok ing  characteri st ics  but  may b e  better s u i ted for steam generat ion because of h i gh 
s ul fur contents . Some of the seams wi th l ower su l fur  contents are nearly depleted ( Robertson 
1 977 ) .  Resources l es s  than 1 829  m ( 6000 ft)  deep , i nc l uding  hypothe s i zed resources were 9 1 ,846 
mi l l i on s hort tons a s  of January 1 , 1 974 (Averi tt 1 975 ) .  

Tabl e  4 . 1 5 .  Demand Regi on VI I Demonstrated Coal Reserve Base as of 
January 1 ,  1 974a , b (mi l l i ons of s hort tons ) 

Reserves bl �, Sul fur Content 

State < 1 .  0 1 . 1 - 3 . 0  

Iowa 1 . 5 226 . 7  

Kansas 309. 2  

Mi ssouri 1 8 2 . 0  

Reg i ona 1 total 1 . 5  7 1 7 . 9  

From U .  S .  Bureau o f  Mines ( 1 974 ) .  
aB i tuminous coal and l i g n i te .  

> 3 . 0  Unknown 

2 , 1 0 5 . 9  549 . 2  

695 . 6  383 . 2  

5 , 226 . 0  4 , 080 . 5  

8 , 02 7 . 5  5 , 01 2 . 9  

Reserves bl' M i n i ng Mode Tota1 C 

Underground Surface Reserves 

2 ,884 . 9  2 ,884 . 9  

0 1 , 388 . 1  1 , 388 . 1  

6 , 07 3 . 6  3 ,41 3 . 6  9 ,487 . 2  

8 , 958 . 5  4 , 801 . 7 1 3 , 760 . 2  

bDemonstrated reserves are those coal depos i ts w h i c h  have been meas ured o r  geo l o g i ca l l y  projected 
to a h i gh confi dence l evel and are of a s uffi c i en t  qual i ty and vo l ume to be economi ca l l y mi ned 
at the time of the determi nation (Ave r i t t  1 9 7 5 ;  U. S. Bureau o f  Mines 1 9 73 ) .  

c Nebraska conta i ns smal l , unquant i fi ed reserves . 
dData ma;: not add to tota l s  because of i ndependent round i ng . 

4 . 5 . 8  Demand Reg i on V I I I  ( Co l orado , Montana , North Dakota , South Dakota , Utah , Wyoming) 

4 . 5 . 8 . 1  Coal Production 

Reg i on V I I I  encompasses  a l l of the Great P l a i n s  and most of the Rocky Mounta i n  Coa l  Provi nces . 
Coal p roduction and qua l i ty for Reg i on V I I I  are shown i n  Tab l e  4 . 1 6 .  

Tab l e  4 . 1 6 .  Demand Reg i on V I I I  Coa l Producti on and Qual i ty ,  1 975  (mi l l i ons  of s hort tons ) 

Total Underground Surface % Ash 1 Total S u l fu r  % Pyr i t i c  Btull b 

Statea Produ c t i on Produc t i on Produc ti on Average Range Average Range Sul fur (avg . )  Average Range 

Colorado 8 . 2 1 9  3 . 446 4 . 773  7 . 5  1 . 3-21 . 8  0 . 65 0 . 1 - 2 . 7  0 . 1 0  1 1  ,820 5 , 5 1 0- 1 5 , 1 90 

Montana 22 . 054 0 2 2 . 054 6 . 6  4 . 0 - 1 0 . 8  0 . 55 0 . 2-1 . 72 D . 74 7 ,9 3 1  6 , 020- 1 1  , 7 5 2  

North Da kota 8 . 5 1 5  8 . 5 1 5  6 . 2 4 . 4-8 . 0  0 . 6  0 . 2-1 . 4  NAb 6 ,783 5 ,960-7 ,487 

Utah 6 . 961 6 . 96 1  8 . 8  4 . 4- 1 5 . 5  1 . 03 0 . 4 - 5 . 8  0 . 1 2  1 1 ,832 4 ,935- 1 3 , 783 

Wyomi ng 2 3 . 804 0 . 436 23 . 369 B . 2 2 . 2-29 . 4  1 . 04 0 . 1 -5 . 4  0 . 3 1  9 , 665 6 ,480 - 1 4 ,400 

Regional 
o . 42c 

total 69 . 553 1 0 . 843 5B . 7 l l  7 . 42 1 . 3- 2 9 . 4  0 . 78 0 . 1 -5 . 8 9 , 240 5 , 5 1 0 - 1 5 , 1 90 

From Mining Infonnationa1  Serv i ces ( 1 97 7 )  and Cava l l aro e t  a 1 . ( 1 97 6 )  . 
aNa coal was mi ned i n  South Dakota i n  1 97 5 .  
bNA _ _  not ava i l a b l e .  
cExc ludi ng North Dakota . 

4 . 5 . 8 . 2  Coa l Re sources 

Depos i ts of the Great P l a i n s  P rovi nce coal s exi st in the western Dakota s ,  eastern Wyoming , and 
Montana . Th ey vary in ran k from l i gn i te to h i gh -vol ati l e  b i tumi nous coal . North Dakota conta i n s  
the l a rgest reserves of l i gn i te i n  the nation . Depo s i ts of North Dakota l i gn i te ,  both real and 
hypothetical  and l es s  than 1 829  m ( 6000 ft ) deep , were estimated to con s i st of a bout  530 ,602 
mi l l i on s hort tons as  of January 1 ,  1 974 (Averi tt 1 975 ) .  The l i gn i te i s  a lmost a l ways mi ned by 
area s tri ppi ng methods . Demonstrated coal reserves are shown in Tab l e  4 . 1 7 . 
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Tab l e  4 . 1 7 .  Demand Reg i on V I I I  Demons trated Coa l Reserve Base as of 
January 1 ,  1 974a ,b ( mi l l i ons  of s hort tons ) 

Reserves b� ,/ S u l  fur Cont�_ Reserves b� M i n i ng Mode Total C 

State < 1 . 0 1 . 1 - 3 . 0  > 3 . 0  Unknown Underground Surface Reserves 

Co l orado 7 , 475 . 5  786 . 2  47 . 3  6 , 547 . 3  1 3 ,999 . 2  870 . 0  1 4 ,869 . 2  

Montana 101 ,646 . 6  4 , 1 1 5 . 0  502 . 6  2 , 1 66 . 7  65 ,834 . 3  42 ,561 . 9  1 08 , 396 . 2  

North Dakota 5 , 389 . 0  1 0 , 32 5 . 4  268 . 7  1 5 . 0  1 6 ,003 . 0  1 6 ,003 . 0  

South Dakota 1 03 . 1  287 . 9  3 5 . 9  1 . 0 428 . 0  428 . 0  

Utah 1 , 968 . 5  1 , 546 . 7  49 . 4  478 . 3  3 , 780 . 5  262 . 0  4 , 042 . 5  

Wyomi ng 3 3 , 91 2 . 3  1 4 , 65 7 . 4  1 701 . 1  3 , 060 . 3  29 ,490.8 2 3 , 84 5 . 3  53 , 336 . 1  

Reg i o n a l  total 1 50 ,495 3 1 , 7 1 8 . 6  2605 . 0  1 2 ,268 . 6  1 1 3 , 1 0 4 . 8  83 , 97 0 . 2  1 9 7 , 0 7 5 . 0  

From U .  S .  Bureau o f  Mi nes ( 1 974 ) .  
aBi tumi nous coa l and l i g n i t e .  
bDemonstra ted reserves a re those coa l depos i t s which h a v e  been measured or geo l ogi c a l l y  projected 

to a h i gh confi dence l evel a nd are of a s uf f i c i ent qua l i ty and vo l ume to be economi cal ly mined 
at the t i me o f  the determi n a t i o n  (Averi tt 1 9 7 5 ;  U .  S. Bureau of Mi nes 1 97 3 ) . 

c Data may not add to tota l s  because of i ndependent round i n g .  

Many of the coal deposi ts of  the Roc ky Mountai n  Province are s i tuated in  sync l i na l  bas i n s  
between the vari ous mounta i n  ranges . Coal seams are general l y  fl at- l y i ng near the center of 
these bas i n s  but  may be steeply  d i pp i ng and fo l ded on the bas i n  fri n ges and on the fl anks of the 
mounta i n s  ( G l a s s  1 977 ; Kott l owski  and Beaumont 1 977 ) .  Fau l t i ng may be more common in th i s  
reg i on than i n  the nei ghbori ng  Great P l a i n s  Reg i on .  

The coa l s o f  the Rocky Mountai n  Provi nce are l ocated i n  western Montana , western Wyomi ng , eastern 
Idaho , eastern Utah , Col orado , northeastern Ari zona and New Mex i c o .  Rank varies  from subbi tumi 
nous to b i tumi nous .  There are a few l ocal  occurrences of anthraci te resu l t ing  from a comb i nat ion 
of s tructura l  deformations  and i gneous i n tru sions  ( Murray 1 977 ) . Both cok ing  and noncok i n g  
coal s are mi ned i n  th i s  prov i nce.  

By January 1 ,  1 974 , est imates , Reg i on V I I I  con ta i n s  2 , 455 , 939 mi l l i on short tons of coal i n  
known and hypothes i zed depo s i t s  ( Averi tt 1 975 ) .  

4 . 5 . 9  Demand Region  IX  (Ari zona , Cal i forn i a ,  Nevada ) 

4 . 5 . 9 . 1  Coa l Producti on 

Most of the coal of Reg i on I X  i s  scattered i n  smal l i sol ated depos its  in Cal i forn i a ,  b ut  the 
on l y  fi e l d  w i th operati ng  mi nes i s  the Bl ack Mesa Fi e l d  of Ari zona . Thi s coa l i s  subbi tumi nous 
( U . S .  Bureau of Mi nes 1 97 1 ) and h i g h-vo l ati l e  b i tuminous  ( P i erce and Wi l t  1 970 ) , and is used to 
supp l y  two e l ectri c power generat ing  stati on s .  Reg i on I X  coal production and qua l i ty are shown 
in Tab l e  4 . 1 8 .  

Tab l e  4 . 1 8 . Demand Regi on I X  Coal Produ cti on and Qua l i ty ,  1 975 (mi l l i ons  o f  s hort ton s )  

Total Underground Surface % Ash % Total Sul fur % Pyr i t i c  Btull b 

Statea Production Product ion Product i on Average Range Average Range S u l fu r  (avg . )  Average Range 

Arizona 6 . 986 6 . 986 8 . 0  3 . 4-50 . 8  0 . 5  0 . 4-2 . 3  0 . 1 1  1 2 ,350 1 2 , 1 87 - 1 2 ,856 

Regional 
6 . 986 8 . 0  3 . 4 - 50 . 8  0 . 5  0 . 4-2 . 3  0 . 1 1  1 2 ,350 1 2 , 1 8 7 - 1 2 ,856 total 6 . 986 

------------_._---------_._-----------------

From M i n i n g  Infonna t i o n a l  Servi ces ( 1 9 7 7 )  and Cava l l aro et a 1 . ( 1 976 ) .  
aNo coal was mi ned i n  Ca l i fornia o r  Nevada . 
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4 . 5 . 9 . 2  Coal Re sources 

By January 1 ,  1 974 , est i mates , Reg i on I X  con ta i n s  2 1 , 234 m i l l i on short ton s of coal  in  known and 
hypothes i zed resou rces l es s  than 1 82 9  m ( 6 000 ft ) deep .  Demonstrated coal reserves are s hown i n  
Tab l e  4 . 1 9 .  

Tabl e 4 . 1 9 . Demand Reg i on I X  Demons trated Coal Reserve Base as of 
January 1 ,  1 974a , b  (mi l l i ons  o f  s hort tons ) 

Ari  zona 

Res i onal  total 

. Re.,.er"es. P..Y-".5!!.J.f>'I . .t:Q!1J"nt._ ._. . .  lk�erye.s_�.i.n i.rl.9.k1Qde 
1 . 0 1 . 1 -3 . 0  > 3 . 0  Unkno,m Underground Surface 

i 73 . 3  

1 7 3 . 3  

1 76 . 7  

1 7 6 . 7 

350 . 0  

350 . 0  

fror; U .  S .  Gu reau o f  I� i nes ( 1 974 ) .  
aC i tumi no'Js cOdl ar:d l i c n i te . 

Tota 1 
Reserves 

350 . 0  

350 . 0  

bi)enlon� t r a  Led r e s e r '; c :., � r-c tr'osc coa 1 depo s ;  ts  which  have been lIleasured or  geo 1 0 g i  c a  1 1y projected 
to a h i yh confi dence l e v::l and are of  a suffi c i ent qual i ty and vol ume to be economi cal l y  mi ned 
Jt the ti l::e o f  the deterni na t i on (Averi tt 1 97 5 ;  U. S. Bureau of Mi nes 1 97 3 ) . 

(Ca l i fo r n i a  dnd Ikvada c o n t:J i n  ::'1:la l 1 .  unqud n t i f ied  reservE'S . 

4 . 5 . 1 0  Demand Regi on X ( I daho , Oregon , Wa s h i ngton , Al a s ka )  

4 . 5 . 1 0 . 1  Coal Produ c t i on 

The b u l k of the coal  production  from Reg i on X i n  1 97 5  (Tabl e 4 . 20 )  con s i sted of l i gn i tes from 
the Ce ntra l i a-Chehal i s  a rea of Washi ngton ( Conwel l 1 97 7 ; L i v i ngston 1 9 77 ) .  

Tab l e  4 . 20 .  Demand Re g i  on X Coal P roducti on and 
--------�- -. 

Tota 1 Underground Surface -��� 
Statea Produ c t i on Produc t i on Product i on Average Range 

�--.- ------ -.------ -- .-.--

A l a s ka 0 . 766 0 . 766 NAb NA 
Was h i ngton 3 . 743  0 . 0 1 3  3 . 730 1 0 . 4  2 . 0-30 . 0 

Reg iona l  
tota 1 4 . 509 0 . 0 1 3  4 . 498 1 0 . 4  2 . 0-30 . 0  

From Mi n i ng I nforma t i onal Serv ices  ( 1 97 7 )  and Cava l l aro e t  a i . ( 1 97 6 ) . 
aNa coal 'was mi ned i n  Oregon or Iaaho i n  1 9 7 5 .  
bNA--not ava i l ab l e .  

4 . 5 . 1 0 . 2  Coal  Resou rces 

Qual  i ty ,  1 97 5  ( mi l l  i ons of s hort ton s )  

�, Tota 1 Sul fur Pyri t i c Btul1  b 
Average Range Sul fur ( a vg . )  Average Range 

NA NA NA NA 9 ,000- 1 4 , 500 
0 . 9  0 . 1 -4 . 4  NA 1 0 , 6 1 2  5 , 5 1 0- 1 3 , 787 

0 . 9  0 . 1 -4 . 4  NA 1 0 ,6 1 2  5 , 500- 1 4 ,500 

In add i t i on to the Centra l -Cheha l i s  area of  Was h i n g ton , coa l  depos i t s  are a l so d i s tr ibuted 
throughout the Cascade Range of  the Pac i f i c  Northwest and eastern Idaho (Tab l e  4 . 2 1 ) .  Severa l  
o f  the f i e l d s  are not c u rrent ly  b e i n g  m i n e d ,  pr imari l y  because o f  the i r  remote l ocat ion s .  Most 
of  the coal  i s  m i ned by stri pp ing . Reg i on X wa s est imated to conta i n  a tota l of about 1 36 , 582 
mi l l i on s hort tons of  coal l es s  than 91 4 . 4  m ( 3000 ft ) deep as of January 1 ,  1 974 (Ave r i tt 
1 975 ) .  E s t i mates of the comb i ned rea l  and hypotheti ca l  depos i ts l ess  than 1 829 m ( 6000 ft ) as  
of J an uary 1 , 1 974 , are as h i g h  as  3 1 6 , 682 m i l l i on short ton s ( Ave ri tt 1 975 ) . 

Tab l e  4 . 2 1 . Demand Reg i on X Demonstrated Coal Reserve Base as of  
Jan tlary 1 ,  1 974a , b  (mi l l i ons  of s hort tons ) 

. . ... _ He'erves. b"y_ � .suJ.f� .. C-"nl.eTlt _ ___ _ 

" 1 . 0 1 . 1 - 3 . 0  > 3 . 0  Unknown .-- --- - --"---- - - - ---- ----

R-"s�r.�s .bl'..!�.i n.i�.J'1-".d-,,-
Underground Surface 

Total d 
Reserves 

-�--- ---------------------- -

A1 aska  
Oregon 
Washi  ngton 

Reg i anu 1 tota 1 

1 1 , 457 . 9  
1 . 5  

603 . 5  

1 2 , 06 3 . 4  

1 84 . 2  
0 . 3  0 

1 , 265 . 5  3 9 . 0  

1 ,450 . 0  3 9 . 0  

0 4 , 246 . 4  7 , 399 . 0  1 1 , 645 . 4  
0 1 . 0 0 . 8  1 . 8 

4 5 . 1  1 ,445 . 9  508 . 1  1 , 954 . 0  

45 . 1  5 ,693 . 3  7 ,907 . 9  1 3 , 601 . 2  
�-- --�--- - - -- -- ---- - --- -- -----.--- ---- ----- -- --_.- ---

From U .  S .  Bureau of rji nes ( 1 974 ) .  
dB i turni nous coal and l i g n i te .  
bOemonstra ted reserves a re those coa l depO S i ts  wh i c h  have been measured o r  geo l o g i ca l ly proj ected 

to a h i g� confi dence l evel and a re of a suff i c i e n t  qua l i ty and vo l ume to be economi cal l y  mi ned 
at the t l me of  the determi na t i o n  (Averi tt  1 97 5 ;  U. S. Bureau of Mi nes 1 9 73 ) .  

c I daho conta i n s  sma l l ,  unquan t i f i ed reserves . 
dOata may not add to tota l s  because of i ndependent round i n g .  
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4 . 6 B IOTI C  RESOURC ES 

4 . 6 . 1  Terrestr ia l  

Mi n i n g  i ncreases due  to the  proposed  act ion are  expec ted to  be  mos t marked i n  Demand Reg i on s  V I  
and V I I I ,  whi l e  coal consumpti on i n  response to the proposed acti on i s  expected to show the 
greatest  i ncrease i n  Demand Reg i on VI  ( c f .  Sec s .  5 . 2 . , 5 . 4 . , and  5 . 5 ) .  These two reg ions  cover a 
l arge geograph i cal a rea and  conta i n  a w i de vari ety of b i o t i c  commun i ti es .  Many of the communi 
ti es i n  these reg i on s  have bee n d i sturbed by the acti v i t i es of humans . Howeve r ,  t he c l as s i fi ca
ti on of a commun i ty by the b i ota o f  i ts potenti al  c l i max , or mos t  mature deve l o pmen tal  s tage , 
offers a conven i en t  method of c l as s i fi cat i on that wi l l  be fol l owed here . I n  th i s  d i scus s i on , 
those b i oti c commu n i ti es  found i n  Reg i on s  V I  and V I I I  are emphas i zed , because these have the 
most poten t i a l  for bei ng affected by the proposed acti on . A more thorough d i scu s s i on of  the 
b i oti c commun i ti es of the Un i ted S tate s may be found  in Appendi x  H .  

The temperate , deci duous forest b i ome , or eco l og i cal  un i t ,  extends across the eastern th i rd of 
the coun try and enters the eastern porti ons  of Reg i on VI ( Shel ford 1 963 ; Garri son et a l . 1 977 ) .  
Oak- h i c kory and oak-p i ne forests are the domi nant assoc i ati ons  wi thi n th i s  reg i on .  The mul ti p l e  
vegetati on l ayers o f  the fores ts provi de a vari ety o f  mi crohab i tats for faun a .  Thus , wi l d l i fe 
d i vers i ty i s  h i g h  i n  many of these commun i ti e s .  

Temperate , eve rgreen fores ts dom i nate the coastal p l a i n s  o f  the southeastern Uni ted States and 
al so  enter  the eastern port i ons  of  Reg i on VI ( Shel ford 1 96 3 ;  Garri son e t  a l . 1 977 ) . Long l eaf
s l ash  p i ne and  l ob l o l l y-shortl eaf p i ne a re major commun i ty types wi thi n t h i s  a rea . Al though 
these forests tend to be more open than deci duous forest , and thus are not as stru ctural l y  
comp l e x ,  they d o  pro v i de hab i tat  for a n umber o f  w i l d l i fe spec i es . 

The coastal wetl and commun i ti e s  of Reg i on V I  represent an i n terface of aquati c and  terrestri al  
commu n i ti e s  (She l ford 1 963 ; Garr i son e t  a l . 1 977 ) .  They have been d i s tu rbed by human acti v i t ies  
and can  be sens i ti ve to d i sruption . The marshes of the coastal wetl ands are dom i n ated by grasses , 
ru s hes , and sedges . Woody s pec i e s  i n vade as sed i men tary depos i ts form dry i s l ands i n  the mars he s .  
Waterfowl are abundant , and terrestri a l  wi l d l i fe are found i n  the drier  areas . 

The central Un i ted States i s  domi nated by commun i ti e s  of the pra i ri e  and p l a i ns gras s l ands 
(Shel ford 1 963 ; Garri son e t  a l . 1 977 ) extend i ng across Reg ions  VI and V I I I  to the eastern foot
h i l l s  of the Roc ky Mou n ta i n s . Peren n i a l  g ras ses are the domi nant vegeta tion  of these commun i ti e s ,  
making  u p  a s i n g l e  vegetation  l ayer. Herbaceous p l ants other than g rasses a re s u bdomi nant i n  
grass l ands , and woody spec i e s  are rare . P l an t  and an ima l  di vers i ty i s  moderate to l ow compared 
to the eastern fores ts , a n d  producti v i ty tends to be l ower here than in forest  commun i t i e s . 

The ari d southern and southwestern marg i ns of the g rass l ands are i nvaded by s hrubs , formi ng 
s h rubsteppe , savanna , and desert grass l and commu n i t i e s  ( Shel ford 1 96 3 ;  Garri son e t  a l . 1 97 7 ) . 
These commun i ti e s  have a poorly to r i c h l y  devel oped l ayer of shrubs or l ow tree s ,  w i t h  an 
unders tory domi nated by perenn i a l s hortgrasses . The fauna of these b i ot i c  communi t ies  repre 
sents a tran s i t ion  from t h e  grass l ands t o  t h e  desert scrub commun i ti es .  T h e  add i t iona l  cover o f  
t h e  woody vegetat i on resu l ts i n  a greater vari ety of fauna i n  these commun i t i es than i n  the 
gras s l ands . 

Desert scrub  commun i ti es occur throughout mos t  of the l owl ands of the southwestern and i n ter
moun ta i n  areas of Reg i on s  VI  and  V I I I  (Shel ford 1 96 3 ;  Garri son et al . 1 977 ) .  These commun i ti es 
are underl ai n by so i l s  w i t h  l i ttl e organ i c  materi a l and an accumu l ation  of sa l ts .  The domi nant  
commun i ty type s i n  th i s  b i ome are creosote s crub in  southwestern Reg i on V I  and sagebru s h  and 
s hadsca l e  scrub in western Reg i on V I I I .  Peren n i a l  s hrubs are the dom i nant  l i fe forms i n  these 
commun i ti e s ,  where the vegetat ion i s  open and  often covers l ess  than 1 0  percent of the ground 
s u rface . Annua l  forbs and g rasses compri se the understory .  The b i o t i c  d i ve rs i ty of these 
commun i ti es i s  l"e l a t i ve ly  l ow ,  the on l y  strata bei ng the s hrub and g round-surface l evel s .  The 
re pti l i an fa un"  is h i g h ly di vers i fi e d  in desert commun i ti es ;  the mamma l i an fauna i s  domi nated by 
smal l to med i um-s i zed spec i e s .  

The mo unta i nous  a reas o f  weste rn Reg i ons V I  a n d  V I I I  con ta i n  the coni ferous forests of  h i g h  
e l eva t i on s  (Shel ford 1 963 ; Garri son e t  a l . 1 97 7 ) . These forests tend t o  b e  open , b u t  provi de 
ha i ' i tat for a vari ety of w i l d l i fe .  Producti v i ty i n  these commun i ti es i s  vari abl e ,  dependi ng 
upon prec i pi tat ion . 

4 . 6 . 2  Aquat i c  

Because i t  conta i n s  a w i de vari ety of  phys i ographi c feature s ,  t h e  Un i ted States has a l arge 
d i vers i ty of aquat i c  env i ronments . Major determi nants of habi tat types i nc l ude : ra i nfa l l 
( amount and seasona l i ty ) , terrai n ,  c hemi cal  compos i t i on of the underl y i ng stra ta , adjacen t ter
restri al  vegetati on , i nsol ation  reg i me ,  and  temperature reg ime .  Al though each aquat i c  resource 
has  c haracteri sti cs that make i t  un i que in compari son to any other , enti t ies  w h i c h  possess 
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s i mi l ar  tra i ts (e . g . , s i mi l a r  types Of s pecies  present , s imi l a r  water chem i s try) can be qua l i ta
t i ve l y  g rouped . Thus , a few examples  of major habi tat types in the U n i ted States i ncl ude 
northern bog l akes , northern o l i gotroph i c  soft water l akes , sal i ne l akes , h i gh al ti tude moun tai n  
streams , and cal careous spri ngs .  

Appendi x  I conta ins  a bri ef  descri pti on of the nonmarine aquat ic  eco l o g i cal  resources of the 
country by Water Resource Re g ion , wi th an emphas i s  on the occurrence and di stri bution of major 
habi ta t  types . To avo i d  exces s i ve l ength of the documen t ,  the regi ons are not treated in great 
detai l ;  therefore , the reader is referred to the c i ted pub l i cations for add i ti onal i nformat ion .  
I n  s i tuati ons where add i t i onal detai l i s  requ i red to adequate l y  assess the impacts o f  a g i ven 
event on the b iota of  a particu l ar area , th i s  i nformati on i s  g i ven i n  Secti on 5 . 6 .  

For the re l at i onsh i p  between Wa ter Resource Reg i ons  and demand reg ions , see Sect i on 4 . 3 . 1 .  The 
reader i s  a l so referred to that secti on for i nformation on water qua l i ty ,  water use , and exi st
i n g  hydrol ogi ca l fea ture s .  

4 . 6 . 3  Endangered Spec ies 

Federal ly  des ignated endangered and th reatened flora and fauna of the contermi nous Uni ted States 
are l i s ted i n  Vol ume I I ,  Appendi x J .  Spec ies  are those spec i es consi dered endangered if they 
are i n  danger of extinction throughout a l l  or a s i gn i ficant portion of thei r  ran ges . Species 
are consi dered threa tened i f  they are l i ke l y  to become endangered wi thin  the foreseeab l e  future . 
Spec ies des i gnated as  endangered or threatened are i mperi l ed by one or more of the fol l owing : 
( 1 ) destructi on , mod i fi cation , or  curta i l ment of habi tat or range ; ( 2 )  overuti l i zation for 
commerci al , s porti ng , sc ienti fic , or educational purposes ;  ( 3 )  di sease or predation ; ( 4 )  reg u l a
tory i nadequacies  ( l ack  of effect i ve protection and conservation measures ) ;  or ( 5 )  other natural 
or man-made factors . As l i sted in Appendi x J ,  cri tical  hab i tats have been des i gnated  for some 
of these s pec ies ; such hab i tats are necessary to some or a l l 1 ife stages of the species and , 
consequentl y ,  for the surv i val and recovery of the spec i e s .  I n  accordance w i th the Endangered 
Species  Act of 1 973 ,  actions author i ze d ,  funded , or carried out by Federal agenc ies must  not 
jeopard i ze the conti nued exi stence of endangered or  threatened s pec ies  or resul t in the destruc
t i on or  modi fi cation of des i gnated c ri t ica l  hab i tat .  The capture , possess ion , transport , and 
sa l e  of such spec i es a re a l so genera l l y  proh ib i ted ( U . S .  F ish  and Wi l d l i fe Sefv ice  1 977 ,  
1 973 ) . 

I n  add i t i on to the s pecies l i sted i n  Appendi x J ,  add i t i onal speci es are i n  rev iew for poss i b l e  
protection under the Endange red S pecies  A c t ,  and other spec i es have been offic i a l l y  proposed as  
endangered or threatened ,  w i th f i na l  acti on pend i n g .  Add i ti onal c ri t ica l  habi tats and  changes 
in sta tus have a l so been proposed . State endangered s pecies  l i sts al so ex i st and , in some 
cases , i nc l ude s pecies  not on the federal l i s t .  

4 . 7  REGIONAL DEMOGRAPHY AND SOC IOECONOMICS 

4 . 7 . 1  I ntroduction 

From the e i ght  coal -producing areas defi ned as Coal Suppl y Reg ions ( Federal Ene rgy Admi ni stra
ti on 1 976 ) , four  were i denti f ied as the reg i ons most l i ke ly  to produce the add i t i onal coal 
requi red for conve rs ion to coa l . These reg i ons  are Centra l  Appa l ach i a , the Mi dwes t ,  the Gul f 
Reg ion , and the Northern Great P l a i n s .  After a dete rminati on of the re l ati ve amounts of coal 
that each state in the four  areas is anti c i pated to contri bute to coal convers ion , ten states 
were sel ected for more i nten s i ve study of demograph ic  and soci oeconom i c  characte ri st i c s  because 
they a re expected to produce the l argest amoun ts of coal for coa l convers ion . The states are 
Vi rgi n i a , Kentuc ky , and West  V i rg i n i a  ( Centra l  Appa l ac h i a ) ; I l l i no i s  and I nd i ana (Mi dwest ) ;  
Texas , Lou i s iana , and Arkansas (Gu l f  Reg i on ) ; and Montana and Wyoming  ( Northern Great P l a i ns ) .  
Mi n ing methods a re di verse , w i th deep mi n i ng characteri sti c of the Central Appa l ach i an reg ion 
whi l e  str i p  mi n i ng i s  typi ca l i n  the Northern Great P l a i ns and the Gu l f  Regi on . Both methods 
are used about equal ly in the Mi dwest ( Ni e l sen 1 977 ) . 

4 . 7 . 2  Regiona l Profi l es ( see  Tab l e  4 . 22 )  

4 . 7 . 2 . 1 Demography and Settl ement Patte rn 

The Centra l Appa l ac h i an and the Northern Great P l a ins  regi ons have a marked s imi l ari ty i n  urbanI 
rura l popu l at ion di stri bution . Popu l ation  appears to be ri s ing  in al l four of the reg i ons  and 
i t  can be assumed that they wi l l  conti nue to increase , espec i a l l y  in the Northern Great Pl a i ns 
where coa l m i n i n g  i s  to become a major revenue-produc i ng i ndustry ( Nahel 1977 ; N i el sen 1 977 ) .  
Popu l at ion sta b i l  i ty and mobi l i ty patterns are two measures  of demograph i c  change . 
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Tabl e  4 . 22 .  Demogra ph i c ,  Soc i a l , and Economi c  Prof i l es of 
the Four Major Coa l -Produ c i ng Reg i ons 

Central Gul f 
Appal ach ia  Midwest Reg i on 

Percent popul ation  8 . 4  1 0 . 6  1 4 . 6  
i ncrease ,  1 960-1 970 

Popul ation  dens i ty ,  1 970 35 . 8/ km2 68 . 4/ km2 1 8 . 0/km2 
( 92 . 6/mi 2 ) ( 1 77 . 1 /mi 2 ) (46 . 5/mi 2 ) 

Urba n res i d ents , % o f  5 5 ( 6 5 )a 7 5 (96 ) 75 ( 79 )  
popu l at ion  

Rura 1 res  i dents , % of  4 5 ( 3 5 )a 25 (4  ) 25 (2 1  ) 
popu l a t i on 

Perient of popul a t i on re- 7 5  72  74 
ma i n i ng i n  s ta te of b i rth 

Percent of popul ation  96 97 87 
l i v i ng in househo l ds 

Average number of persons 3 . 1 6  3 . 1 1  3 . 1 5  
per househo l d  

Average number o f  persons 3 . 54 ( 3 . 90 ) b 3 . 57 ( 3 . 72 )  3 . 55 (4 . 1 2 ) 
per fami l y  

Average age 28 . 1  27 . 9  26 . 8  

Ma r i tal  s tatus ( %  M popu-
l a t ion  14 yrs or  o l der ) 

Married 65  65  65 
S i ng l e 24 24 24 

Ma 1 e : fema 1 e  rat i o  1 : 1 . 1  1 : 1 . 1  1 : 1 . 1  

Percent o f  popu l a ti on with  42 . 6 52 . 8  43 . 2  
educa tion  o f  h i g h  school 
or  a bove 

Med ian  school years 1 0 . 7  1 2 . 1  1 1  
c ompl eted 

Major  empl oyment ca te- Ind . /mfg . Ind . /mfg . Ind . /mfg . 
gory a nd percentage of  23 . 7  32 20 . 2  
popu l ation  empl oyed 

Percentage of popula  tj on 5 . 9  5 . 5  5 . 8  
u nempl oyed 

Approximate med ian  annual 
i ncomec (combi ned 

$ 1 4 , 790 $1 4 , 280 $1 3 ,81 0 

i ndustry , mfg . ,  mi n i ng )  

Average i ncome o f  poverty- $1 , 967  $1 , 882 $2 , 007 
l evel fami l i es 

apercentage of  m i nori ty res i dents i s  g i ven in parentheses . 
bAverage s i ze of poverty-l evel fami l y  i s  g i ven i n ' parenthese s .  

Northern 
Great P l a i ns 

2 . 2  

1 . 6/ km2 
( 4 . 2/mi 2 ) 

55 ( 77 ) 

4 5 ( 2 3 )  

5 5  

94 

3 . 08 

3 . 56 ( 3 . 7 5 )  

27 . 2  

6 5  
24 

1 : 1 . 1  

61 . 1  

1 2 .4 

Mi ni ng 
4 . 6  
Agri c .  
1 2 . 1  
Educati on  
9 . 7  

4 . 9  

$1 6 ,21 0 

$1 ,899 

cAnnua1 i ncome was tabu l a ted by cal cu lat ing ,  average  gross hourl y wages and weekl y average hours 
worked based on December 1 977  da ta and then round i ng to the nearest fi fth . 

From Cathers ( 1 978 ) ; Hargrove ( 1 978) ;  U . S .  Department of Commerce ( 1 970 ) ; and U . S .  Department 
of Labor ( 1 978 ) .  
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4 . 7 . 2 . 2  Soc i a l  and Economic Character i stics  

Fami l y  patterns of the four  areas are  general l y  s imi l ar ,  as  shown in  Tabl e 4 . 23 .  

4 . 7 . 3  I ntroduct i on to State Profi l es 

The coal reg i ons  d i scussed i n  Sec t i on 4 . 7 . 1  were represented by certa i n  states because of thei r 
probab l e  i nvol vement i n  the proposed coal conversi on program . Al though each state i s  l i ke ly  to 
contri bute coal , there wi l l  be one maj or coal -produc i ng state w ith i n  each reg i on that i s  thought 
to be a primary source of coa l . The states sel ected in each reg i on are West V i rg i n i a  ( Central 
Appa l ac h i an reg i on ) , I l l i n o i s  ( M i dwest  reg ion ) ,  Texas ( Gu l f reg i o n )  and Wyomi ng ( Northern Great 
P l a i n s  reg i on ) .  Tab l e 4 . 23 i s  a demograph ic  and soci oeconom ic  profi l e  of these states . 

4 . 8  ARCHAEOLOGICAL , CULTURAL , AND H I STORICAL RESOURCES 

Nati onal resources of archaeol o g i ca l , h i stori ca l , or natural l andmark importance are protected 
and preserved by the Nati onal Park Servi ce of the U . S .  Department of the I nterior  ( undated ) . 
Over 1 0 ,000 h i storica l  s i tes i n  the cont i guous Uni ted States are l i sted i n  the "Nati onal Reg i ster 
of H i storic  P l aces" ( U . S .  Department of the I nteri or 1 977b ) . Many of  these are stone or masonry 
structures that can be affected negat i ve ly  by coal -deri ved a i r  pol l ut i o n .  Ero s i on of surfaces 
of these structures i s  cau sed by acid  ra i n  and part icu l ate emi s s i on s .  No i se ,  dust , v i sual  
degradation  due to nearby coa l m i n i ng and on s i te coal transportation  and proces s i ng a l so may 
nega t i vely affect h i stori c  pl aces . Any proposed act i v i ty wh i c h  may i nterfere wi th arch
aeol og ical  s i tes havi ng potent ia l  for i nc l u s i on in the Nati onal Reg i ster is determined on a 
s i te-by-s i te bas i s .  

Over 200 natural l andmarks are l i sted i n  the "Nati onal Reg i stry of Natural Landmarks"  ( U . S .  
Department o f  the I nter i o r ,  update ) . 

4 . 9  HEALTH EFFECTS 

Each of the f ive  components of the coa l fuel cycl e ( extraction , c l ean i n g ,  transportati o n ,  com
bustion , and d i sposa l ) has i ts own set of associ ated i nj ur i es and d i sease i n  the form of morbi d i ty 
and mortal i ty i n  the occupat ional  and general popu l at ions .  Occupati onal morbi d i t i es and mortal i 
t i es occur a s  the resu l t  o f  resp i ratory d i seases and job-rel ated acci dents . Pub l i c  hea l th impacts 
can resu l t from transportat ion acc i dents and from effl uents wh i c h  f i nd the i r  way to a i r  and wa ter . 
I ncreased publ i c  mortal i ty and morb i d i ty can resu l t from resp i ratory d i s eases caused by i ncreased a i r 
pol l ut i on ,  and decreased qual i ty of water supp l i es i s  known to i nfl uence the i nc i dence of i nfectious  
di seases and poss i b l e  non- i nfecti ous  d i seases . A more deta i l ed descri pti on of the hea l th effects 
of  the coal fue l cycl e i s  p resented i n  Append ix  E . 2 . 6 .  
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Tabl e  4 . 23.  Demographic,  Social . and Economic Pro fi l es of a Representati ve 
State i n  Each of the Four Major Coa l-Produc i ng Reg ions 

West 
V irginia II I i no i s  Texas Wyomi ng 

Percent popul at ion i ncrease , 3 .4 0. 9 28 . 0  7 .4 
1 970-1 975 

Popul ation dens i ty ,  1 975  28 .9/ km2 77 . 5/ km2 1 8 . 0/ km2 4 . 8/ km2 
( 74 . 9/mi 2 ) ( 200 . 6/mi 2 ) ( 46 . 5/mi 2 ) ( 1 2 . 4/mi 2 ) 

Lrban resi dents , % of popul ation 36 ( 55 )a 83 (97 ) 80 (83 ) 60 (87 )  

Rural res i dents , % of popul ation 64( 64 ) a 1 7 ( 3 )  20 (1 7 )  40 ( 1 3 )  

Percentage . of popul ation remaining 81 . 4 71 . 6 7 2 . 9 44 .9  
in  state of bi rth 

Percent i ncrease i n  workers age 9 . 8  9 . 1  1 1 . 2  23 . 0  
25-44 , rel ocated from el sewhere, 
1 965-1 970 

Percent i ncrease in workers age 3 . 1 2. 7 4 . 0  8 . 0  
4 5-64 , rel ocated from el sewhere, 
1 965-1 970 

Percentage of popul ation l i v i ng 93 . 9  97 . 5  85 . 2  97 . 3  
i n  househol ds 

Average number of persons per 3 . 1 1  3 . 09 3 . 1 3 3 . 09 
househo ld  

Average number of persons per 3 . 50(3 . 84 )  b 3 . 57 {3 . 79 )  3 . 54 {4 . 1 7 )  3 . 55 {3 . 68 )  
fam i l y  

Average age 30 28 . 6  26 . 4  27 . 2  

Mari tal s tatus ( %  of popul ation 
1 4  yrs or ol der) 

Marri ed 23 . 9  60 . 9  66 . 1  23 . 6  
Si ngl e 63 . 2  25 .7 27 . 1  65 . 4 

Ma l e : femal e  ratio 1 : 1 . 1  1 : 1 . 1  1 : 1 . 1  1 : 1 . 1  

Percentage o f  popu lation with 4 1 . 6  52 . 6  47 . 4  62 .9  
education of h igh  school or above 

Median school years compl eted 1 0. 6  1 2 . 1 1 1 . 6 1 2 .4 

Major empl oyment category and Ind . /mfg . Ind . /mfg . Ind ./mfg . Educa ti on 
percentage of popu lation 23 . 2  30 . 3  1 8 . 5  1 0 . 1  
empl oyed Mi n ing Agri c . /ed . Mi n i ng Agri c .  

8.8  1 0 . 0 2 . 5  1 0 .0 
Agric . /ed .  Agri c . /ed . Mi n i ng 
1 0 . 0  1 2 . 0 9 . 0  

Ind . /mfg . 
6 .0 

Percentage of popul a tion 7 .8 5 . 6  4 . 7  3 .8 
unempl oyed 

Approximate med i an annual i ncomec Ind . /mfg . Ind . /mfg . Ind . /mfg . Ind . /mfg . 
$1 3 ,020 $1 4 , 090 $1 2 , 370 $1 1 , 985 
Mi n ing Mi n i ng Mini ng Mi n ing 
$23, 505 $1 4 , 805 $1 5 .055 $1 7 , 765  

Fami l i es bel ow poverty l evel . 1 8 . 0  7 . 7  1 4 . 6 9 . 3  
% o f  popu lation 

Mean annual i ncome of fami l i es $1 . 965 $1 ,868 $2 . 086 $1 .924 
bel ow poverty l evel 

apercentage of m inori ty residents is given in parentheses . 
bAverage s i ze o f  poverty-l evel fami ly  i s  g i ven i n  parentheses. 
cAnnual i ncome was tabul ated by cal cul ati ng average gross hourly wages and weekl y average hours 

worked ba��� on December 1 977 data and then. rounding to the nearest fi fth . 
From Appa l achian Regional COIlIni ssi on ( 1 9 77 ) ;  .Cathers ( 1 9 78) ; Harrove ( 1 978) ; U . S .  Department 
of COlIITIer(:e. ( 1970 . 1 976 , 1976-77 ) ; and U . S .  Department of Labor 1 978) . 
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5 .  ENV I RONMENTAL CONSEQUENCES OF THE PROPOSED ACTI ON 

P ro h i b i t i ng the  use  of o i l  or natura l  gas i n  power p l ants and major i ndustr i a l  fuel -burn i ng 
i n stal l at i on wi l l  resu l t i n  i ncreased coal use i n  both exi s t i ng and new fac i l i t i es . The coa l  
s upp ly  reg i ons , t h e  amount of  coal  a nd the i ncreased coa l demand because of  the FUA are presented 
in Sec t i on 3 .  I n  t h i s  sec t i on , the po tent ia l  envi ronmental  i mpacts wh i c h  cou l d  res u l t  from 
i nc reased coal  use  as a res u l t of the FUA a re assessed . The i mpacts for each phase of the coal  
cyc l e  ( extract ion  7 c l ea n i ng 7 transporta t i on 7 combu st ion  7 waste d i sposa l ) are as ses sed for 
the fol l owing  seri es : a i r  qua l i ty ;  hydrol ogy , water qua l i ty ,  and water u s e ;  l and u se ;  b i ot i c  
resources , h i stori ca l  a n d  a rc haeo l og i ca l  s i tes ; soc i oeconom i c s ; and heal t h .  Each as sessmen t  
i nc l udes a d i scus s i on of  i mpacts for t h e  years 1 985 a n d  1 990 , both wi th t h e  proposed a c t i o n  and 
wi thout i t  ( base case ) .  

Th� uncerta i nt ies  of  the reg i onal impacts d i sc us sed are h i gh l i ghted . Many of the i mpacts asso
c i ated wi th the FUA wi l l  be s i te-spe c i f i c  a nd wi l l  be addressed in  s ubsequent N EPA compl i ance 
documents, a s  appropr iate .  

5 . 1  TRANSPORTATI ON O F  COAL 

In t h i s  sect ion , the maj or i mpacts of  i ncreased coal movement  on transportation  systems are 
i denti f i ed f i rst for base case and t hen for i ncreased coal use res u l t i ng from the proposed 
action . The extent of the future i ncrease i n  coal traffi c  and  the correspond i n g  capac i ty requ i re 
ments d i ffer w i de ly  by reg i on and  a l so b y  transporta t i on mod e .  

T o  mee t t h e  proj ected demand , t h e  n ati on ' s  transporta t i on system wi l l  probably  move l arger l oads 
o f  coal l onger d i s tances . The rai l road is l i ke ly  to con t i n ue to be the major mode of  coal 
tran sportat i on i n  1 985 and  beyon d .  The u se of u n i t  tra i ns wi l l  cont i nue to i ncrease , partly due 
to the i ncreas i ng i mportance of  western coal . Short-d i s tance hau l i ng by truck  wou l d  be comp l e 
me ntary t o  rai l road transport i n  some area s . I n  other a rea s , tru c k  s h i pments coul d be competi t i ve 
w i th ra i l roads , part i cu l arl y to MFB I s  i n  the eas t .  

Waterborne transportation  i s  competi t i ve wi th ra i l roads for l ong-d i stance haul s ;  however , the 
i ntr i n s i c  r i g i d i ty of  the mode and the constra i nts on capac i ty , part i c u l ar ly  before 1 985 , wou l d  
b e  l im i t i ng factors to the growth of  coal  movement by th i s  mode . On the other hand , the coa l  
s l urry p i pel i nes  may b e  devel oped as a n  econom i ca l l y  compet i t i ve a l terna t i ve t o  ra i l roads for 
certa i n  routes . The exten t of coal transportati on by p i pe l i ne in the near future wi l l  be very 
much l i mi ted , due i n  part to i nst i tuti onal  and regul atory constra i nts ( U . S .  Department  o f  
Tran sporta t i o n  1 97 6a ) . Perhaps more i mportant are the cap i ta l  i nvestmen t  a n d  wa ter needs for 
coal s l urry p i pe l i ne s .  

To meet the projected demand for coal , t h e  expans i on a n d  upgrad i ng of  ra i l roads , h i ghways , and 
l oc k  systems wi l l  be requ i re d .  Mo re comprehens i ve system-w i de transportat ion  p l a n n i ng and 
j ud i c i ou s  i nst i tuti onal arrangements wi l l  be needed to a ugment pri vate i n terests and to as sure 
that no mode of transporta t i on i s  pena l i ze d .  

5 . 1 . 1  I mpact  on Transportation  ( Base  Case ) 

5 . 1  . 1  . 1  Ra i 1 road 

Currentl y ,  the rai l road is the pri nc i pal  mover of  U . S .  coal . In 1 9 75 ,  ra i l roads trans ported 
approximate ly  two-th i rds ( 4 1 8 m i l l i on ton s )  of  the nat ion ' s  coal and w i l l  rema i n  as the major 
coal transporta t i on mode i n  the future ( U . S .  Comptrol l er General 1 97 7 ;  Nat ional  Coal Assoc i at i on 
1 97 7 ; U . S .  Bureau of M i nes 1 97 6 ) . Nat i onwi d e ,  coal accounted fo r 29 percent of the total 
traffi c ori g i nated and 1 3 . 4  pe rcen t of the fre i ght  revenue rece i ved by C l ass  I ra i l roads i n  1 9 75 
( U . S .  Depa rtment of Transporta t i on 1 97 8 ,  p .  1 1 -8 ) . To mee t  the expans i on of coal  supply  and  
demand , coal transport by rai l ,  a pro.i ected i ncrease of  two-thi rds over c urrent l evel s wou l d  
have t o  occur by 1 985 i n  coal  transport by rai l ( U . S .  De partment o f  Transportati on 1 97 8 ,  
p .  1 1 - 1 6 ) . C o a l  producti on i n  t h e  w e s t  wou l d have to i ncrease from 1 6  percent  of t h e  1 9 75 total 
produc t i on to 34 percent  and 41 percent i n  1 985 and 1 99 0 ,  respect i ve ly  ( Energy I n format i on 
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Adm i n i strat ion 1 978) . The ab i l i ty of the ra i l roads to handl e th i s  increase in western coal 
traff ic  wi l l  be cruc i a l  in meeting  the goa l s  of the Nati onal Ene rgy P l an . 

There has been a growing  trend i n  coal movement by ra i l  toward l onger di stances w i th heavier  car 
l oads ; the average coal l oad per car was 76 . 6 tons in 1 970 and 85 . 8  tons in 1 9 76 ; the average 
haul i n g  d i stance per car of coal was 290 mi l es in 1 973 and 31 8 m i l es in 1 9 76 ( U . S .  Departmen t of 
Tran sporta t i on 1 975 , 1 97 7 ) . The i ncrease i n  the importance of western coal and the econom i cs of 
the u n i t  tra i n  have caused the share of nati onwide coal transportat ion by un i t  tra i n  to i ncrea se 
from 32 percent of the total in 1 971  to 46 percent in 1 976  ( U . S .  Departmen t of Transportation 
1 978 , p .  1 1 - 1 6 ) . Because  of the economic  advanta ges of un i t  tra i n s  ( rap id  turnaroun d ,  depend
ab l e  schedu l e ,  and a more economic  use of fuel ) ( U . S .  Department of Trans porta t i on 1 978) , the 
share of coal tran s portat ion by un i t  tra i n  i s  l i ke ly  to i ncrease in the future . 

I n  severa l tran sportat ion stud ies  ( E l ectric Power Re search I nst i tute 1 976 ; Federal Energy 
Admi n i s tra t ion 1 97 6 ;  U . S .  Depa rtment of Tran sporta t i on 1 976b , 1 9 78)  it has been conc l uded that 
a majori ty of coa l -carry i n g  ra i l roads appear to be capab l e of handl i ng the expected growth of 
coal  traffi c and many of  them have a l ready i ns ta l l ed heavy-duty wel ded ra i l  ( Federa l E nergy 
Admi n i strati on 1 976 ) . I n  some a reas , ra i l road capac i ty shou l d be expan ded and upgraded , and 
ex i st i ng capac i ty shoul d be more ful l y  uti l i zed ( E l ectri c Power Research I nst i tute 1 976 ) . A 
su rvey of the major  coa l -carrying  ra i l roads ( U . S .  Department of Tran sportat ion 1 976b ) i nd icates 
that these ra i l roads ant i c i pate a rather optimi sti c 95 percent increase i n  coa l traffi c ,  from 
341 m i l l i on tons i n  1 9 74 to over 700 m i l l i on tons i n  1 980 ( Tabl e 5 . 1 ) ,  and the maj ori ty of  
ra i l roads have ado pted p l ann ing  processes to  project future coal and  other traffic demand and 
have i denti fied the i r  capaci ty requi rements .  E st ima tes ( U . S .  Comptrol l er Genera l  1 9 77 , pp . 5-
1 0 ) of  i nvestment req u i rements based on the survey are presented in Tab l e 5 . 2 .  

Tab l e 5 . 1 . Projected Coal Traffi c  By Rai l  D i strict  

Tota l Ra i 1 Traff ic  % Increase in  

1 974 1 980 Each D i s tr ict  

Ra i l  Di str icta ( 1 980 Compa red 
M i l l ion Tons % Mi l l i on Tons % w i th 1 9 74 )  

Easte rn 1 95 52 . 6  288 39 . 8  48 

Wes tern 66  1 7 . 8  279 38 . 5  32 3 

Southern 1 1 0  29 . 6  1 5 7 21 . 7 43 

Tota l  3 7 1  1 00 . 0  724 1 00 . 0  95 

From U .  S .  Department of  Tran sporta t i on ( 1 976c ) . ( As c i ted i n  U .  S .  Comptro l l er Genera l 
[ 1 977 J , p .  5 . 6 . ) 
aThe eastern ra i l  d i str ict  consi sts of a l l states north of Kentucky and North Carol i na 

and east of the M i s s i s s i ppi  R i ver .  The southern d i str ict cons i sts of al l other 
states east of the M i s s i s s i ppi R i ve r .  The western d i stri ct  cons i s ts of a l l states 
west of  the M i s s i ss i pp i  R i ve r .  

I n  a more recent s urvey of the ra i l roads ( Federa l  Energy Adm i n i s tra t ion 1 976 ) , i t  was determ i ned 
that a l l  sol vent ra i l roads p l an to acqui re the equ i pment that wi l l  be needed to meet i ncreased 
coal traff i c .  Phys i ca l  l imi tati ons , i n  most  cases , are not v i ewed a s  a pro b l em for expans ion of 
track or  operati ng tra i n s .  I n  add i t ion , the l ead t ime for manufactur ing  ra i l road equi pment i s  
general l y  regarded a s  being  shorter  than the t ime requi red t o  open new m i nes ( Federal Energy 
Adm in i stration  1 976 ) . 

I t  i s  expected that some re l at i ve l y  short segments of  r i g ht-of-way costing $300 mi l l i on wi l l  be 
cons tructed between now and 1 985 to improve access to coa l  re sources . The i n vestment requ i red to 
meet  the projected i ncrease of coa l ra i l  traffi c between 1 977  and 1 985 wi l l  be $5-7 b i l l i on for 
ra i l  cars and $4-5 b i l l i on for track , primari l y  in the west  and mi dwest* ( U . S .  Department of 
Transportat ion 1 978 , p. 1 1 -2 1 ) .  The maj or uncerta inty concern ing  the ab i l i ty of the ra i l roads 

*The Federal Ra i l road Adm i n i s trat i on rel eased , in October 1 97 8 ,  the res u l ts of a prel imi nary 
report on the capi tal needs of the ra i l road i ndu stry pursuant to Secti on 504 of the Rai l 
road Rev i tal i zat i on and Regul ato ry Reform Act of 1 976 . The report i s  i n  the process  of be i ng 
fi nal i zed . 
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Tab l e 5 . 2 .  P l anned Ra i l road I nves tment to Meet 1 980 Coal Needs 

Expendi ture (mi l l ions  of dol l ars)  

Rai l  D i strict 

I nvestment Southern Wes tern Eastern Total 

Hopper carsa $667
6 

$ 1 , 044b $1 , 1 89b $ 2 , 900 

Locomoti ves 60b 539b 66b 665 

P hys i ca l  p l ant  242 1 , 1 35 1 82 1 , 559 

Ma intenance fac i l i ti e s  1 1 02 � 
Total $970 $2 , 820 $ 1 , 437 $ 5 , 227 

a I nc l udes repl acement of reti red equ i pment .  
bEstimate based on  TSC survey breakdown o f  regi onal o r  hopper car/ l oco
moti ve requ i rements . 

From U . S .  Comptro l l er General ( 1 97 7 ) , p .  5 . 1 0 .  

to carry the i ncreased coal traffi c  proj ected for the future i s  whether the ra i l road wi l l  be 
ab l e to f i nance the i mprovement requ i red for the ex i st i ng r i g hts-of-way part icu l arly for those 
f i nanc i a l l y  weak  rai l roads i n  t he m idwest .  T he Rai l road Rev i ta l i zat ion and Regu l a tory Reform 
Act of 1 976 (4R  Act )  pro v i des major f i nanc i a l  a i d  to some of those f i nanc i a l l y  wea k ra i l roads i n  
the m idwest and west .  The publ i c  f i nanc i a l  a s s i s tance under Sections 505 and 41 1 o f  the 4R Act 
has been heavi l y  d i rected to the marg i na l  m i dwestern ra i l roads . V i rtua l l y  a l l  t he approved 
f i nanc i a l  a s s i s tance proj ects to date are rel ated to upgradi ng coa l hau l i ng faci l i ti es ( U . S .  
Department of Transporta tion 1 978,  p .  1 1 -24 ) .  The cont i nuati on o f  th i s  trend wou l d  b e  favorab l e 
i n  hand l i ng the projected i ncreased rai l road coa l traff i c .  

I f  the pred i cted coa l supp ly  g rows a t  a reasonab ly  even rate throug hout the peri od,  most o f  the 
sol vent rai l roads , parti cul arly in the wes t ,  can hand l e  future coa l traff i c  wi thout government 
a i d  ( Federa l Energy Admi n i stration 1 976 ) . Cap i ta l  avai l a bi l i ty i s  not v i ewed as a cri t ica l  
constrai nt to  most  of those ra i l roads ( e . g .  Un ion Pac i f i c ,  Burl i ng ton Northern ) ( Federal Energy 
Admi n i s trat i on 1 97 6 ;  U . S .  Department of Transportation 1 978) . 

T he mi dwestern and western rai l l i nes wou l d req u i re an exten s i ve upgradi ng of the trac ks . T hese 
trac ks were ori g i na l l y  constructed for hau l i ng gra i n ,  and much of  th i s  l i g htwe i g ht rai l  is st i l l  
i n  use for coa l traff i c . The f i nanc i a l l y  weak midwestern ra i l roads are hav i ng serious  prob l ems 
attracti ng pri vate i nvestors for expans i on of coa l -carry i ng capac i ty .  Pub l i c  f i nanc i a l  ass i st
ance u nder a program created by the Ra i l road Rev i ta l i zat ion and Reg u l atory Reform Act may be 
necessary to meet needs .  Section  803 of FUA authori zes up to 1 00 mi l l i on  dol l ars for depo s i t  i n  
the Ra i l road Rehabi l i tation  and Improvement Fund estab l i s hed under Sec tion 502 o f  the 4R Act .  

Some ban krupt  eastern ra i l roads , ama l gamated as Conrai l ( a  maj or coal - hau l i ng ra i l road operating 
throug h much of the northeast and mi dwes t ) , have more seri ous  probl ems i n  meeti ng the i ncreased 
demand for coal . Unti l recent ly ,  funds were not ava i l ab l e  to Conra i l  to ma i nta i n  track  and 
upgrade cars and l ocomot i ves ( Federa l Energy Admi n i stration 1 97 6 ;  U . S .  Department of Tran sporta
t ion 1 978 ) .  Penn Centra l a l one ant ic i pates the need for more than 1 0 , 000 new hopper cars by 
1 985 , assum i ng a doubl i ng of the coa l traff i c  i n  i ts serv i ce area duri ng the i n terim period 
( Federa l Energy Admi n i stration  1 97 6 ) . Conra i l , wh i c h  projects that one-th ird of a l l i ts traff i c  
wi l l  b e  for coal carriage , i s  current ly  recei v i ng publ i c  funds whi c h  wi l l  total approximatel y  
$2 . 1  b i l l i o n ,  and i s  engaged i n  a $ 6  b i l l i on overa l l  rehabi l i tat ion and modern i zat ion program , 
l arge l y  to accommodate the proj ected coa l traff i c  ( U . S .  Department of Transportat ion 1 978 ) . 
Some of the sma l l er i nsol vent ra i l roads have key funct ions i n  coal del i very beca u se of the i r  
l ocations and the i r  essenti a l  rol es i n  connect i ng s h i pments between roads o r  between other 
ra i l roads and water termi nal s or f i nal  dest i nati ons ( e . g . ,  the Readi ng ,  Eri e  Lackawana , Leh i g h  
Val l ey ,  Annator , and Leh i g h  and Hudson rai l roads )  ( Federal Energy Adm i n i stration 1 97 6 ;  U . S .  
Ra i l way Assoc i at i on 1 97 5 ) . 
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5 . 1 . 1 . 2 Truc k 

Truc k tran sportat i on i s  the major  mode of  short-haul coa l movement , and i s  the most versat i l e .  
Ave rage hau l i n g  d i stance has been estimated a t  5 5  mi l es for m i ne-to-market hau l s  ( 1 1  percent o f  
tota l production ) and 5 to 1 0  mi l es fo r mi ne -to-t i pp l e  hau l s ( 30 percent o f  tota l product ion ) 
( U . S .  Depa rtment of  Tran sportation  1 978 , p .  I I - 1 4 ) . A coa l truck typ i ca l l y  carr ies  20 ton s of 
coal  and may carry as  much a s  1 00 tons i n  off- h i g hway serv i ce .  Nat i ona l l y ,  about 10 pe rcent of  
tota l produc tion i s  estimated to  be hau l ed from m i ne to  mi ne-mouth generat ing  p l ant  ( U . S .  
Department o f  Tran sportat ion 1 978 , p .  I I -8 )  . . The percentage w i l l vary on a reg ional  bas i s .  For 
exampl e ,  from January to September of  1 978 , one-thi rd of a l l coa l was sh i pped by truck in Demand 
Reg i ons  I I  and V I I I ,  i nc l ud i n g  Pennsyl van i a ,  Oh i o ,  Col orado , and North Da kota ( U . S .  Department 
of  Ene rgy 1 978) . 

Through 1 985 , m i ne-to-t ipp le  d i stances are l i ke ly  to i ncrease i f  many of the new mines  are not 
l ocated nea r bu l k  l oad i n g  fac i l i t ies  ( U . S .  Department of  Transportat ion 1 978 , p. I I -8 ) . The 
i ncreases i n  coal produc tion  and the s hort producti on l i fe of surface mi nes , part icu l ar ly  in the 
Appa l ac h i an reg ion  (Tabl e 5 . 3 ) , w i l l  make the heavy capital  i nvestment by other transportat ion 
modes uneconomica l  ( U . S .  Department of Transportation  1 978 , p .  I I -9 ) .  As i nd i cated by the study 
under Secti on 1 53 of the Federa l -Aid  H i g hway Act of 1 976  ( U . S .  Department of Transportat ion 
1 978 ) , h i g hway needs from energy- rel a ted act i v i ties  were i dent i f i ed by 27 states . I t  i s  expec ted 
that approx imate ly  $ 7 . 3  b i l l i on  wi l l  be needed between now and 1 985 for bu i l d i ng or rebu i l d i ng 
roads for haul i ng coal ( U . S .  Department of  Transportation  1 978 ) . The Appa l ach ian  states account 
for $6 . 4  b i l l i on , 88 percent of  th i s  amount . 

On a reg ional  bas i s ,  the energy rel ated h i ghway needs , iden t i f i ed by the study under Section  1 53 
of the Federa l Aid H i g hway Act of  1 976 ,  are g reates t i n  the Appa l ac h i an states ( Department of 
Transportat ion , 1 978 , Ta b l e  I I -4 ) . The i ncrease of coa l ha u l age  by truck ant ic i pated east of  
t he  M i s s i s s i pp i , espec i a l l y  i n  Appa l ach ia  cou l d  wel l become so s i gn i f icant as  to cause a bott l e
nec k i n  coa l production ( U . S .  Depa rtment of Transportation  1 978 ) . The truck tonnage cou l d  
i ncrease even more rapi d l y  than expected i f  coal reserves are devel oped i n  areas not served by 
the bu l k ha u l i n g  modes . 

Tab l e  5 . 3 .  Coal Movements in Appa l ach ia  by State of Ori g i n ,  1 974 
(thousands of s hort ton s )  

Truck Truck 
Truck and and Rai l  Hater a On ly  Ra  i 1 L�a ter On ly On ly  Other Total 

A l a bama 2 , 598b 5 , 681  2 , 995 5 , 0 1 4  1 , 446 1 , 843 1 9 , 57 7  
( 1 3 . 3 )  ( 29 . 0 ) ( 1 5 . 3 ) ( 25 . 6 )  ( 7 . 4 )  ( 9 . 4 )  

Eastern Kentucky 4 , 597  68 , 530 968 1 1  , 050 85 , 1 45 
( 5 . 4 )  (80 . 5 )  ( 1 . 1 ) ( 1 3 . 0 )  

Maryl and 835 1 , 403 2 , 238 
( 3 7 . 3 )  ( 62 . 7 )  

Oh i o  1 1 ,478 3 , 666 2 , 738 1 4 , 734 3 , 1 95 5 , 538 41 , 349 
( 2 7 . 8 )  ( 8 . 9 )  ( 6 . 6 )  ( 35 . 6 )  ( 7 . 7 )  ( 1 3 . 4 )  

Pennsyl van ia  1 8 , 71 1 25 , 536 2 , 1 1 6 20 , 793 1 3 , 3 1 2 7 , 1 73 87 , 641 
( 2 1 . 3 )  ( 2 9 . 1 )  ( 2 . 4 )  ( 23 . 7 )  ( 1 5 . 2 )  ( 8 . 2 )  

Tennessee 2 , 343 2 , 460 754 3 , 683 9 , 240 
( 25 . 4 )  ( 26 . 6 )  (8 . 2 )  ( 39 . 9 )  

V i rg i n i a  8 29 , 420 7 , 1 96 36 , 624 
« 0 . 1 )  ( 80 . 4 )  ( 1 9 . 6 )  

West V i rg i n i a  3 , 1 22 25 , 587 5 , 588 56 , 424 2 , 2 1 8  5 , 572 98 , 5 1 1 
( 3 . 2 )  ( 26 . 0 )  ( 5 . 7 )  ( 57 . 3 )  ( 2 . 3 )  ( 5 . 7 )  

Appa l ach ian  Reg ion  43 , 692 1 62 , 305 1 5 , 1 37 1 1 8 ,893 20 , 1 72 20 , 1 26 380 , 325  
( 1 1 .  5 )  ( 42 . 6 )  ( 4 . 0 )  ( 3 1 . 3 )  ( 5 . 3 )  ( 5 . 3 )  

From Commi ttee o n  Ener"y and ;:a tura l  Resources ( 1 9 77 , 1 9 78) . 
aConveyor movement  and  m i ne-mouth con sumpt ion . 
bNumbe rs i n  parentheses are percents o f  row tota l s .  
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I n  the areas where the ra i l roads do not p l a n  to bu i l d  add i t i onal spur l i nes or have a bandoned a 
portion of the track duri ng reo rgan i zation  of the ra i l roads ,  coal transport i s  l i ke ly  to be 
primari l y  by h i g hway . I n  add i t ion , i f  the mandated po l l ution contro l techno l ogy for coa l -fi red 
bo i l ers ma kes i t  uneconomica l  to use wes tern coal i n  the mi dwest and eas t ,  the u ti l i zation  of 
eastern coal  and , consequent ly ,  truck haul i ng i n  the east proba b ly  wi l l  i ncreas e .  

The Coa l Transportation Task Force ( U . S .  Department of  Transportation  1 978)  concl uded that li the 
coal -produc i ng s tates of Appa l ach ia  are heav i l y  dependent on h i g hway transportation for gett i ng 
the i r  coal to the marke t .  Becau se Federal a i d  programs do not ta ke i nto account the spec i a l  
needs created by heavy coal traff i c  and state revenues are i nadequate ,  these states are l i ke ly  
to  have an i ncrea s i ng l y  d i ff i cu l t t ime prov id i ng a h i g hway system capabl e of meeti ng the growi ng 
coa l hau l i ng demands . Because the Appa l ach ian states are of s uch'major importance i n  meeti ng 
national  coal production goal s ,  and because h i g hways p l ay such an important ro l e  i n  Appa l ach i an 
coal transportati on ,  the i mprovement of coal haul  h i g hways i n  Appa l ac�ia  i s  es senti a l  to ensure 
that the goa l s of the National  E nergy P l an wi l l  be met .  I I  

The Tas k Force pred i cts that approximately $7 . 3  b i l l ion  or 76 percent of the coal -rel ated 
h i g hway improvements needed between now and 1 985 wou l d  be i ncurred by bu i l d i ng or rebu i l d i ng 
roads u sed for hau l i ng coal , and that $6 . 4  b i l l ion  or 88 percent of the estimated capi ta l  
requ i rement for  coa l -haul  roads wou l d  be  requ i red in  Appa l ach i a . 

I n  the case of coal truck f l eets , the heavy truck and tra i l er manufacturers have suggested that 
suff i c i ent excess capac i ty a l ready exi sts to produce the add i t i onal trucks requ i red in the near 
future ( U . S .  Department of Transportation  1 978 , p .  1 1 -3 ) . 

The i ncrease i n  coal truc k traffic  i s  expected to resu l t  i n  damage to roads used for coal 
haul i ng .  The damage to a road from a 55 , 000-pound truck is reported equa l  to that of rough ly  
2 , 500 automobi l es ( Commi ttee on Energy and  Natura l  Resource 1 97 7 ,  p .  82 ) .  The short haul  
requ i red for the s h i pments of  coa l connecting  l ong-haul  modes to sma l l  i ndustrial  bo i l ers 
owners , part icu l arly in Demand Reg ions  I and V I ,  i s  l i ke l y  to rai se safety and transportation 
probl ems . I n  parti cu l a r ,  the pas s i ng of  coal trucks through rel ative ly  cong es ted res idential  
areas wi l l  exacerbate the need for grade cros s i ng s ,  rerouting , and maintenance of ex i sting roads 
and h i g hways . 

Automobi l e  trips generated by coal devel opment and the consequent popu l at ion s h i ft i n  a l l states 
dur ing 1 977 to 1 985 wou l d reach 4 m i l l i on trips--a bout  47 percent of the total trips generated 
by a l l energy-re l a ted acti v i t i es (Watson et a l . 1 97 7 ,  p .  3-22 ) .  

5 . 1 . 1 . 3  Movement of Coal by Water 

The transportation  of coal by water accounted for approximate l y  one-tenth of a l l b i tum i nous  coal 
s h i pments l oaded and one-quarter of a l l  s h i pments un l oaded in 1 974 ( U . S .  Department of Trans
portation 1 978 ,  p .  1 1 -29 ) . 

Waterways consti tute a maj or means of transportation  i n  much of the eastern U . S . , parti cu l arly 
the area s urround i ng the  Great Lakes and the i n l and r i vers , i nc l uding  the  Oh io  and Kanawha 
ri vers , the Oh io-Tennessee r i ver ,  and the Mi s s i s s i pp i -Gul f Coast  System ( U . S .  Department of 
Transportat ion 1 978 ,  p .  1 1 -29 ) . The hardware for the s h i pment of coal by barge or other water 
carr ier i nc l udes tugboats or other sel f-propel l ed vessel s wh i c h  push  the tows , composed of as 
many as thi rty-s i x  barges , usua l l y  of 1 500 tons capac ity ( Commi ttee on Energy and Natural  
Resources 1 97 7 ,  p .  59 ) .  

Between now and 1 985 , coal traff ic  on the waterways i s  expected to grow s i g n i fi cantl y .  Barge 
traffic  i s  expected to i ncrea se by 8 . 8  to 1 6 . 4  percent ( U . S .  Bureau of M i nes 1 97 6 ,  p .  1 ) .  The 
Federa l Power Commi ssi on and the Federal Energy Admi n i s trati on have i denti fied tha t an addi 
t i onal  38 . 5  mi l l i on tons of coa l w i l l  be trans ported by wa ter by 1 985 for coa l -con sumi ng power 
p l ants ( U . S .  De partment of Transportat ion 1 978)  (Tab l e 5 . 4 ) .  Wate r transportat ion was found to 
be a fea s i b l e  a l te rnati ve mode for i ndustry ,  where some 800 , 000 ton s of coal w i l l  be trans ported 
annua l l y  ( U . S .  Department of Transportation 1 978,  p .  1 1 -34 ) . 

I ncrea sed coal traffic for new and converted power p l ants and i ndustri es wi l l  occur primari l y  
a l ong l arge porti ons of  the Atl antic Coast and the O h i o  R i ver .  The  upper M i s s i s s i pp i  R i ver wi l l  
be l i tt l e  affected by western coal s h i pments by barge ( U . S .  Department of Transportation  1 978,  
p .  1 1 -43 ) . 

Some of the fac i l i t i es and equ i pment p l a nned to accommodate th i s  g rowth i s  a l ready underway , 
as i ndi cated i n  Append i x  E . 2 . 4 . 2 .  The n umber of addi t i onal barges requ i red by 1 985 i s  est i 
mated to b e  i n  the range of 1 , 750 t o  5 , 940 ( U . S . Burea u o f  M i nes 1 976 ;  U . S .  Department o f  
Transportat ion 1 978 ) . Incremented domestic  coa l traffic on the Great Lakes i s  estimated at 5 . 6  
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Tab l e  5 . 4 .  Estimated Add i t i ona l  Demand For \�aterborne 
Transportation of Coal by 1 985a 

Source of  Demand 

Power p l ant convers i on 

New power pl ants 

Tota l 

Waterway 

Atl anti c  Coast 
I l l i no i s  R i ver 

Total 

I l l i no i s  R i ver 
M i s s i s s i ppi  R i ver 
O h i o  R i ver 
Other 

Total 

From U . S .  Department of Transportation  ( 1 978 ) . 

Add i t i onal Coal 
( 1 06 ton s )  

1 4 . 2  
1 . 7 

1 5 . 9  

0 . 3  
3 . 2  

1 8 . 1  
1 . 0 

22 . 6  

38 . 5  

aBased on power p l ants schedul ed for compl et i on or convers ion  by 
1 98 5 .  

mi l l ion  tons by 1 985 , req u l rl ng add i t i onal vessel s hav i ng a tota l capac i ty of 1 36 , 000 tons ; such 
vessel s cost $ 1 00 m i l l i on  i n  1 976  do l l ars ( U . S .  Department of  Transportation  1 978 , p .  1 1 -38 ) . 

Coal  movement i n  the area of  the Mi s s i s s i pp i , Oh i o ,  Tennessee , Kanawha , and Green/ Barren ri vers 
wou l d  requ i re 48 new tugboats at a cost of  $ 1 40 to $200 mi l l i on ,  and 1 1 20 add i t i onal  barges at 
a cost of  $ 1 68 mi l l i on by 1 985 ( U . S .  Department of  Transportation 1 978 , p .  1 1 -36 ) .  

I n  the short run , most o f  the constrai nts on l ock  capac i ty shou l d  be amena b l e  to sol u t i ons not 
req u i r i ng structura l  mod i fi cation  ( improved schedu l i ng , hel per boats , etc . ) ( U . S .  Department of 
Transportati on 1 978 , p .  1 1 -35 ) . However, constra i nts cou l d  be s ign i f icant after 1 985 ( Desai 
1 97 6 ;  U . S .  Department of Tran sportation 1 978 ,  p .  1 1 -35 ) .  

The transportation  rates o f  common carr i ers operating on i n l and waterways are typ i ca l l y  l ower 
than the rai l  rate by a bout 20 percent ( Commi ttee on Energy and Natural Resources 1 97 7 ,  p .  93 ) .  
However , there are several a reas of  constra i nts ( U . S .  Department of Transportation 1 978 ) .  These 
i nc l ude Lock and Dam 26 at Al ton , I l l i no i s ,  on the Mi s s i ss i pp i  R i ver , and po i nts on  the Gu l f  
I ntra-Coastal  Waterway , Oh io  R i ver-Gal l i po l i s Loc k ,  I l l i no i s  Waterway , Kanawha R i ver ( W i nfie l d 
Lock ) ,  and Monongahel a R i ver  ( Lock  3 )  ( El ectr i c  Power Research Inst i tute 1 976;  U . S .  Department 
of Transportation 1 978) . The i ndustry has i denti f ied the I ndustrial  Lock at New Orl eans as a 
potential  bottl enec k ( U . S .  Department of Transportation 1 978 ) .  

There i s  concern i n  transportation i ndustri es about the user ' s  charge ( House  B i l l  830 9 )  that 
requ ires the users of the I n l and Waterway System to pay fees . A b i l l  passed both the Senate 
( May 4 ,  1 978 ) and the House of  Representati ves (October 1 3 ,  1 977 ) and was referred to a House/ 
Senate conference but d i d  not become l aw .  The b i l l  may be re- i n troduced in forthcoming  congres
s i onal ses s i ons . The user ' s  charge cou l d  bring  an impact to the competi t ive pos i t i ons of  
al ternati ve transportation  modes , parti cu l arl y waterways and rai l roads . 

5 . 1 . 2  Impacts of the Proposed Action on Transportation 

From January to September of  1 97 7 ,  about 44 . 4  mi l l ion  tons of coa l were s h i pped to various  
i ndustrial  u sers --an i ncrease of  14  percent over 1 976 for  s imi l ar s h i pments ( U . S .  Department of  
Energy 1 978 ) . S h i pments to el ectric uti l i t ies  al so were i ncreased 9 percent from 340 to 376 
m i l l ion  ton s .  An annual national  g rowth rate of  5 . 4  percent i s  ant i c i pated from 1 975 to 1 985 , 
and 5 . 0  percent from 1 975 to 1 990 ( Energy I nformation  Admi n i stration  1 978 ) . 

The add i t i onal  coa l demand resul t i ng from the regu l atory program i s  est imated based on data 
provi ded by P I ES Mi drange Trendl ong Scenar io  and on other pub l i s hed data ( see Sec . 3 ) . The 
add it i onal i ncreases in domest ic  coal demand are presen ted in Tab l e  3 . 7  and 3 . 8 .  I n  1 985 , the 
add i t i onal  demand i ncrease from the proposed regul atory program wou l d  cons ti tute about 7 percent 
of the nati onwide base l i ne coal demand . 
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I n  the southwest  ( Demand Reg i on V I ) ,  the wes t  ( Demand Reg i on I X ) , and New Engl and ( Demand 
Reg ion  I ) ,  the add i t i onal demands due to the reg u l a tory program ( reg ul a tory demand ) are 44 , 38 , 
and 1 6  percent of the 1 985 trend- l ong coal demand , respecti ve l y .  T h e  percentage i ncreases i n  
reg i onal coal demand , both from the trend-l ong basel i ne proj ecti on and reg u l a tory demand,  are 
part icu l arl y l arge i n  the southwest  and west reg ions . 

Large portions of coal requ i red i n  the southwest  and west  wou l d  be l i ke ly  to ori g i na te from the 
western m ines , i nc l udi ng the central wes t  and the Gu l f  reg ions ( Supp ly Reg ion 5 ) , and the 
Northern Great P l a i n s  reg i on ( Su pply Reg ion  6 ) , as  i ndi cated in Tabl es 3 . 7  and 3 . 8 .  

5 . 1 . 2 . 1  Transportat ion  Modes 

As shown in Tab l e s  3 . 7  and 3 . 8 ,  the addi t i onal coal demand due to the proposed act ion  is pro
jected to  be part i c u l ar ly  h i g h  i n  Demand Reg ions  I V ,  V I  a nd  I X  i n  that o rde r .  About  90 percen t 
of the coal requi red i n  1 985 i n  the southwes t and 80 percent of coal requ i red i n  the cen tra l 
reg i on wi l l  or i g i nate i n  Supp ly  Reg i ons 5 and 6 .  The un i t  tra i n  wi l l  l i kely p l ay a maj or ro l e  
i n  transport i ng we stern coa l to Demand Reg ions  V ,  V I , and V I I .  Transportat ion of western coal 
by barge wi l l  be l i mi ted ; however , sma l l amounts of  eastern coal ( l ess  than 1 0  percent of the 
reg u l a tory demand in the southwest  a nd cen tra l reg ions  i n  1 985 and 1 990 )  wi l l  be shi pped by 
wat�r .  The a l terna t i ve to s h i pment  of wes tern coa l by u n i t  tra i n  i n  those reg i ons wou l d  be  
s l urry p i pe l i nes . Coa l s l urry p i pel i nes cou l d  prove to be  an economic  mode of coa l tran sporta
t ion  in the areas where excess capac i ty of h i gh-qual i ty p i pe l i nes and i nexpen s i ve water are 
ava i l a b l e ;  and the competi t i ons from the ra i l roads and barges are l im i ted due to econom i c  and 
geog rap h i c  constra i nts . I n  sp i te of the advantage of the p i pel i ne transport of coa l i n  terms of 
vari a b l e  cost , the i nsta l l ed sys tem wi l l  be i nf lexi b l e .  Thus , the mos t  favorab l e s i tuation  for 
p i pe l i ne transpo rt w i l l be connecti ng l arge c l ose ly  spaced m i nes and l arge con s um ing capaci t ies . 
The extent to wh i ch s l urry p i pel i nes w i l l  be used i s  uncerta i n .  

The l argest  i ncreases i n  coa l supply generated by the reg u l a tory program wou l d  b e  i n  Supply 
Reg i on 5 ( the centra l -west Gul f Regi on ) ,  Supp ly Reg i on 6 ( the Northern Great P l a i ns ) , and Supply 
Reg i on 2 ( Centra l Appa l ach i a ) ,  as  shown i n  Tab l es 3 . 7  and 3 . 8 .  

W h i l e  the add i t i onal  traffi c from the western coal supp ly  reg i on wi l l  be l arge ly  on the ra i l 
roads , th i s i s  not l i ke l y  to c reate f inan c i a l  probl ems for most  of the so l vent western ra i l roads . 

The i mpacts of abandoned ra i l  l i nes on the transportat ion avai l ab i l i ty to i n d i v i dua l bo i l ers 
have not been anal yzed . S i te-spec i f i c  ana l yses w i l l  i nd i cate whether  i nd i v i dual  boi l ers wi l l  be 
i so l ated from ra i l  access  through abandonment of spec i f i c  seconda ry l i nes . Thi s concern i s  
g reatest  i n  the northeast  ( Me i er e t  a l . 1 977 ) . When Conra i l  was estab l i shed , some of 5700 mi l es 
of track was not accepted i n  t he system ; of  th i s ,  some 3000 mi l es of track i s  to be abandoned , 
and the other 2700 m i l es of track i s  expec ted to be conti n ued under federa l and state subs i d i es . 
A portion  of the abandoned track  w i l l  be protected under the Rai l bank P rovi s i ons  of the 4R Act 
and can phys i ca l ly be u t i l i zed in the future for coa l hau l i ng if upgradi ng i s  warranted ( Federa l  
Ene rgy Adm i n i s trat ion  1 976 ) . However ,  i n  some cases , fa i l ure t o  exerc i se the r i ght over a 
certa i n  period of t ime res u l ts i n  a utomat ic  revers i on of the t i t l e  to the o r i g i na l  t i t l e  ho l de r .  
I n  add i t i on ,  t h e  rai l bank a s  present ly  conce i ved does n o t  address  the question  o f  rai l  access 
to the coa l -fi red pl ant s i te ( Watson et  a l . 1 9 7 7 ,  p. 42 ) . Th i s  may res u l t  in some of the 
i ndustries  l ocated in scattered a reas hav ing  to i ncrease the i r  re l i ance on coal hau l i ng by 
truck .  The convers ion  to coal by i ndustria l  bo i l er owners i s  not l i ke ly  to be l arge enough to 
generate suff i c i ent revenue on abandoned ra i l roads to revi ve the portion of the track serv i n g  
these boi l ers . 

I n  the m i d-Atl an t i c  reg i on ( Demand Reg i on I I I )  and mi dwest ( Demand Reg ion V ) , the coal del i vered 
by r iver const i tu tes approximate ly  one-fi fth of the tota l reg i onal  s h i pment duri ng January
Se ptember 1 977 ( U . S .  Department of Energy 1 978 ) . Some of the addi t i onal coal ori g i nat ing  from 
a reas surro undi ng  the O h i o , Mononga hel a ,  and Green Barren ri vers and s h i pped to Demand  Reg i ons 
I I I  and V is  anti c i pated to be transported by wate r . *  

The addi ti ona l coa l traffi c coul d contri bute t o  the congest i on and de l ay i n  the upper Mi s s i s s i ppi  
and Ohio  ri vers and part of the Tennessee R ive r ;  these areas are i dent i f ied as  cri t ica l  l i nks to 
l i mi t the i ncrea s i ng water traffi c  i n  1 985 ( El ectric  Power Resea rch Inst i tute 1 976 ) . 

Des p i te the l ow ton-mi l e  cost  of the barge ,  western coa l shi pments by wate r wi l l  l i kely be 
l imi ted to eastern , m i dwes t ,  and southwestern dest i nati ons . The trans l oading  expense and greater 
d i stance of the barge  traff ic  in those fl ows i s  not l i ke ly  to be competi t i ve w i th a l te rnat ive 

*For the i ndustrial  convers ions , water transportat ion was found to be a feas i b l e  a l ternat ive mode 
i n  the case of some 800 , 000 tons annual l y  ( U . S .  Department of Tran sportation  1 978 , p. 1 1 -34 ) . 
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transporta t i on modes , pr inc i pa l l y  u n i t  tra i n s .  Howeve r ,  the waterborne transporta t i on of 
Appa l ach ian  coa l to some coa l users in the south-central and m i dwest reg ions  wou l d  have s i gn i f i 
cant t ran sporta t i on c o s t  advantages t o  a l terna t i ve modes . A l though the coa l - f i red bo i l er  owner 
wou l d rea l i ze tran sporta t i on cost  from Appa l ach i an coa l , these deep m i nes wou l d  req u i re h i gher 
p r i ces than s t r i p-mi ned western coal  ( Desa i 1 976 ) . 
Mee t i n g  the projected i ncrease of the reg u l atory demand w i l l  req u i re an i ncrease i n  coa l truck 
traffi c .  Truc k t ra ff i c  w i l l  p l ay an i mportant  ro l e  in trans port i n g  coa l from the sma l l and the 
short- l i ved m i nes and sma l l and  d i spersed i ndustr i a l  coa l users , part i c u l a r l y  in t he Appa l ac h i an 
reg i o n .  The pos s i b i l i ty of the i nc reas i ng u se of un i t  tra i ns , i n  add i t i on to the ra i l road abandonment  t hro ugh  reorgan i za t ion  of ea stern and m i dwestern ra i l roads , cou l d  i nc rease the share 
of coa l hau l ed by truc k s i g n i f icant l y .  

5 . 1 . 2 . 2  Loca l Impacts  

The annua l  coa l req u i rement for 24 major  fue l -burn i ng i nsta l l a t i o n s  among the 24 su rveyed by F EA 
ranges from 1 1 , 000 to 200 , 000 tons per yea r i n  the per iod from 1 97 9  to 1 983 ( Federa l Energy 
Adm i n i s tra t i on 1 97 7a , 1 97 7b ) .  Assum i ng 20  de l i veries  per yea r by tra i n  and 85 tons per car ,  the 
annual demand of  coa l wou l d  requ i re an  a dd i t iona l  7 ca rs ( for  1 1 , 000 tons of  co�l ) to 1 1 8  cars 
( for  2 00 , 000 tons of coa l ) .  U s i n g  40-ton truc ks , the 1 1 , 000 and 200 , 000 tons of coa l demand 
wou l d  generate 2 7 5  a nd 5000 trucks  per yea r ,  respec t i ve l y .  
T h e  i ncrease  i n  coa l t ra ff i c  w i l l  add i t i ona l l y  generate s i gn i f i cant impacts o n  the l ocal commu n i t i es , i nc l ud i ng ( 1 )  road damage by heavy coa l truc ks , ( 2 )  d i srupti on of l oca l  traff i c  fl ow , and ( 3 ) secondary growth at the transporta t i on centers ( e . g . , devel opmen ts at shore l i nes due to barge serv i ng act i v i t i es ) . 

5 . 2 A I R  QUAL I TY 

5 . 2 . 1  M i n i ng and M i ne S i te Proces s i ng 

A i r  po l l utants from su rface coa l -m i n i ng operat i ons o r i g i na te from d i es e l -powered equ i pment  and from w i n d  ero s i on of the d i s turbed l and . E s t i mates of part i c u l a tes caused by w i nd eros i on and tota l em i s s i ons from d i e sel - fue l ed equ i pment a re presented in Ta b l e 5 . 5 .  These em i s s i on e s t i mates shou l d  be cons i dered accurate o n l y  w i t h i n  one order of magn i tude . Part i c u l a tes from w i n d  eros i o n  as a resu l t  of i ncreased s u rface  m i n i n g  due t o  the proposed a c t i on are presented i n  Tab l e  5 . 6 .  

Tab l e  5 . 5 .  Surface M i n i ng 
Em i ss i ons Factors 

Demand Emi s s i ons ( tons/ 1 0 1 2 Btu ) 
Reg i on a 

Pa rt i c u l ates D i ese l b 

I I I  0 . 05-0. 07 2 . 3-3 . 6  
I V  0 . 04- 0 . 07 2 . 1 -3 . 5  
V 0 . 05 2 . 55 
V I  0 . 05 2 . 55 
V I I 0 . 05 2 . 55 
V I I I  2 . 27 1 . 85 
I X  6 . 60 1 .  90 
X 2 . 27 1 . 85 

From U n i vers i ty of O k l ahoma ( 1 975 ) . aReg i ons I and I I  conta i n  no mea sura b l e  coa l resources and thus there w i l l  be no surface  m i n i ng emi s s i ons . b l n c l udes SOx ' NOx ' CO , and hydro-carbons . f ' !  



Part i c ul ates 
( ton/yr)  

1 985 

1 990 

aNumbers i n  

4 

5 
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Ta bl e 5 . 6 . Est imated Parti cul ates from W i nd Ero s i on Resu l t i n g  
from I ncreased Surface Mi n i ng 

Demand Regi on 

I I I  I V  V V I  V I I  V I  I I  I X  

( 3 ) a 5 ( 3 )  ( 8 )  2 ( 2 )  1 6  ( 3 7 )  1 00 ( 8 )  300 ( 1 5 )  

( 4 )  8 (6 ) 2 ( 2 0 )  4 ( 3 )  30 (40 )  200 ( 1 2 )  500 ( 2 5 )  

parentheses are percents of  base-case emi s s i on s .  

X 

70 ( 6 )  

1 50 ( 8 )  

These emi s s i ons  were cal cu l ated by applying  the emi s s i on factors i n  Tab l e 5 . 1  to the estimated 
coal m i n i ng i ncreases from each demand reg i o n ,  u s i ng the average Btu content of the coa l s i n  
eac h reg i on .  The percentages are assumed equal to the percentage o f  coa l producti on to base 
case produc t i on in Tabl e 3 . 9 .  

These i ncreased part icu l ate emi s s i ons are neg l i g i bl e  when compared wi th the nati ona l emi s s i ons 
of particu l ates i n  Tabl e 4 . 2 .  W i nd ero s i on i s  most severe in Demand Reg ions  V I I I ,  I X ,  and X ,  
where s urface m i n ing  predomi nates , and where h i g h  winds  and dry soi l resu l t  i n  severe w i nd 
eros i on . Fug i t i ve dust  from m i n i ng operati ons i s  genera l ly  of such a l arge s i ze that i t  sett l es 
to the ground q u ick ly .  The i ncreased dust  may present a prob l em on a l ocal  bas i s ,  but w i l l  have 
no i mpact on the a i r  qual i ty of any demand reg i o n .  

T h e  variation i n  total d i esel emi ss ions  s hown i n  Tab l e  5 . 5  i s  d u e  t o  the amounts o f  overburden 
that must be moved , as  wel l as  the percentage of d i ese l  rather than e l ectric power . I n  Demand 
Reg i ons I I I ,  I V ,  and V ,  approximately 33 tons of overburden are removed per ton of coal recovered , 
wh i l e  i n  Reg i ons V I , V I I ,  V I I I ,  and I X ,  the rat io  i s  1 3  to 1 .  Al so ,  i n  Reg i ons  V I I I  and I X ,  
muc h o f  the equ i pment i s  el ectrica l l y  powered , reducing m i ne-s i te emi s s i ons ; however, emi s s i ons 
do occur at the e l ectr ic  generat ing s tat i on .  The h i g hest d i esel emi s s ions  occur i n  Demand 
Reg i ons I I I  and IV ( U n i vers i ty of Oklahoma 1 975 ) . 

Because el ectrica l ly  powered equi pment i s  genera l l y  used i n  underground mi nes , m i ne-s i te emi ss ions  
are not a probl em in  areas of underground m in i ng . Some emi s s i ons from a bove-ground coa l process
ing at underground m i nes may occur,  but wi l l  be negl i g i bl e .  

5 . 2 . 2  Transportation  

The  extent to  wh ich  transportat ion w i l l affect a i r  qua l i ty wi l l  depend primari ly  on  the  degree 
to wh ich  e x i st ing  transporta t i on fac i l i t i es can be used ( H i ttman Associ ates 1 975 ) .  Tran sporta 
t i on i mpacts wi l l  a l so be affected b y  the effi ci ency of equi pment and the number of tri ps made . 
Si nce the eastern reg i ons  a l ready have a dense tran sportati on pattern , the impacts from con s truc
t i on of new l i nes and roads can be expected to be l es s  than that for the western reg i on s ,  where 
the much-l ess -deve l oped trans porta ti on sys tem wi l l  be req u i red to accor,lmodate not on ly  an 
i ncrease in the quanti ty of coal produced for western consumpti on , but a l so an i nciease in coa l 
production for the eas t ,  w i th the attendant l onger haul s requ i red .  

Ai r emi ss i ons from a l l modes o f  coal tran sportat ion wi l l  con s i st of  wind-borne dust  from the 
coa l dur ing transport, and the rai l  or truck d i ese l  fuel combustion products associ ated wi th 
this transport . W i ndb l own dust from open car tops is  substant i a l l y  reduced when the coal i s  
s prayed w i th o i l  prior  t o  s h i pment .  Hau l d i s tances govern the magn i tu de o f  the tota l amounts of 
d iese l  fuel combust ion products emi tted .  The amount of  d i esel  fuel cons umed ( about 4000 gal l on s  
to transport 1 000 tons of coal 1 000 mi l es )  and therefore the quantity of emi s s i on products 
produced cou l d  be i ncreased detectab l y  over  base l i ne emi s s i ons if coa l i s  del i vered from western 
coal f ie l ds to i ndustries i n  the east or m i dwest  presently dependent on other fuel sources 
( Federal  Energy Admini strat ion 1 977c , p. i V- 1 9 6 ) . 

Each transportat ion mode has i ts own c haracteri sti c  contri buti on to a i r  qual i ty degradati on . 
Trucks produce the greatest a i r  po l l ution per ton m i l e  w i th i n  a g i ven d i stance , whereas cl osed 
p i pe l i ne systems produce a l most none . Truc ks ,  however, accoun t for on ly  a sma l l porti on 
( 1 0 . 7  percent)  of the total ton-mi l e  coal shi pments and therefore contri bute l i ttl e to the 
overal l i ncrease in a i r  pol l ut ion ( U n i vers i ty of Okl ahoma 1 975 , pp. 1 - 1 22 ) .  Transportation of 
coal  by rai l  is  by far the maj or source of a i r  pol l ut i on , s i nce 69 . 2  percent  o f  a l l b i tumi nous 
coal is s h i pped by t h i s  mode . U n i t  tra i n s  provi de more eff i c i ent coal tran sportation and 
therefore con tr i bute fewer a i r  pol l utants than do convent ional  tra i n s . Mi xed or convent iona l  
tra i ns have  greater ( by a factor of a l most two ) w ind  l oss  and part icu l ate emi s s i ons  than un i t  
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tra ins  beca use i t  u s ua l l y takes them l onger than un i t  tra i ns to travel a g i ven di stance , due to 
del ays for l oad ing and u n l oad ing  other fre i ght ( Federa l  Energy Adm i n i s trat i on 1 9 77c , p .  i v- 1 96 ) . 

The estimated a i r  pol l utants resu l ted from tran sport ing  i ncrea sed coa l requ i red by the proposed 
act ion through 1 985 and 1 990 a re presented in Tab l es  5 . 7  and 5 . 8 ,  re spective l y .  The data base 
from wh i ch these ca l cu l at ions are deri ved is presented in Tab l e  5 . 9 .  Tota l coa l tonnages used 
in the ca l cu l at i ons are ta ken from Tab l e s  3 . 7  and 3 . 8 .  The percentages of coa l expected to be 
moved from the supp ly  reg i ons to the demand reg i ons  by ra i l ,  barge , and truck are presented in 
Tab l e  5 . 1 0 .  These percentages are based on the Department of Ene rgy ' s  Data Report for B i tuminous  
Coal  and L i gn i te D i str ibut ion for 1 97 7 .  Al though i t  is  poss i b l e  to  general i ze about future coa l 
transportat ion patterns , i t  i s  d i ffi cul t to prov ide the spec i fi c  percentages needed to ca l cu l ate 
tran sportat ion a i r  emi ss ions because l im it i ng  factors s uch  as economi cs , equ i pment ava i l a b i l i ty ,  
and soc ia l  and po l i ti ca l  constra i nts are not pred ictab l e .  For th i s  reason , the DOE data were 
adapted to provi de the data presented in Tab l e  5 . 1 0 . The DOE report d id  not ,  however ,  d i s t i ngu i s h  
be tween un i t  tra i n  and  conventional or mi xed tra in transportat ion . Al though u n i t  tra i n  transpor
tati on is expected to increa se in most a reas by 1 985 , conven t ional  car service w i l l  st i l l  be 
u sed by an indeterm inab l e  n umber of  smal l e r  m i nes and i ndustrial  consumers whose supp ly  and 
demand tonnages are too smal l to j usti fy ut i l i zat ion of the un i t  tra i n .  The refore , in  determi n ing  
a ir  emi s s i ons for  the  tota l percentage of  ra i l  transportat ion i n  each reg i on ,  both the un i t  and 
m i xed tra i n  va l ues are presented (w ith the excepti on of the Southwest and Northern Great P l a i n s  
coa l  s u p p l y  reg i on ) , e a c h  based o n  the hypothetica l  assumption that 1 00 percent of the tota l 
percentage of ra i l  movement i n  each reg i on wou l d be from e i ther the un i t  or m i xed mode . Ac tua l  
em i s s ions  wou l d b e  somewhere between these two extreme val ues . 

A i r  po l l utants resu l t i ng from coa l  transporta t i on are not l imi ted to the reg i on i n  wh i c h  the 
coa l i s  m i ned ( the supp ly  reg i on ) ,  but are em i tted in a l l the states a l ong the transportation  
route to the  fi na l  des t i nat i on ( the demand reg ion ) .  There i s  cons iderab le  overl ap between 
supp ly  and demand reg i on bounda r i es and funct ions . For examp l e ,  port i ons of  Supply Reg i on 6 are 
l ocated i n  both Demand Reg i on X and Demand Reg i on V I I I .  Therefore , Demand Reg i on V I I I  may be 
rece i v i ng coal from a supp ly  reg ion w ith i n  i ts own boundaries . In another case,  Demand Reg i on 
V I I I  may act as a supp ly  reg ion ( Supp ly  Reg ion 7 )  for some other demand reg i on .  Rea l i st ica l l y ,  
therefore , one reg i on of  the country may b e  rece iv i ng more a i r  pol l utants from coal transporta 
t ion  than another because i t  may transport coal both i n tra- and i n terreg iona l l y .  Further examp l es 
of  th i s  are Suppl y Reg ion 8 wh i c h  i s  a part of Demand Reg ion V I ,  and Suppl y Reg i on 4 ,  wh i c h  i s  a 
part of  Demand Reg ion  V .  These d i st i nctions  are not made i n  Ta b l e  5 . 7 ;  however ,  supply  and 
demand reg i on boundar ies are defi ned in F i g ures 3 . 3  and 3 . 4 . 

Transportat ion d i stances for ra i l  were assumed to be from the c i ty centers of each of the coal 
supp ly  reg ions  to the demand centers of  each  of the demand reg i on s .  These d i stances were deter
mi ned from the Na t i onal At l a s ( see Tabl e 5 . 1 1 ) .  The average haul di stance assumed for a l l truck 
transport was 5 5  mi l e s ;  truc k i ng economics  wou l d  probab ly  proh i b i t  l onger ha u l s .  The average 
hau l d i stances a ssumed for barge transport were 800 mi l es for Suppl y Reg ion 1 and 300 mi l es for 
Supply Reg i o ns 2 through 8 .  

The emi s s ions  presented i n  Ta b l �s 5 . 7  and 5 . 8  s ho u l d  not b e  cons i dered a bsol ute , but ra ther an 
estimate of the potent ia l  impact that increa sed transportat ion requ i rements cou l d  have on a i r  
qual i ty .  A two percent w ind l oss  i s  assumed for convent iona l tra i n s  a s  opposed to one percent 
for un i t  tra i ns , r i ver ba rges , and truc k s .  Other a i r  emi ss i ons presented are due to d iesel  
exhaust  emi s s ions . The add i t i onal annual  contri but i ons ( t hrough 1 990)  of pa rt icu l ates ( 2 56 , 934 
tons , NOx ( 2 5 , 408 tons ) ,  SOx ( 1 9 , 387 tons ) ,  hydrocarbons ( 1 5 , 027  tons ) ,  CO ( 23 , 1 1 0  tons ) ,  and 
a l dehydes ( 3 , 250 tons ) a re neg l i g i bl e  ( l ess  than five percent ) compa red with general nati ona l 
transporta t ion a i r  emi s s i on proj ect i ons for 1 990.  A compa r i son of the a i r  emi s s i ons from coa l 
transportat ion for the regu l a tory program as opposed to the ba se l i ne scenar io  i s  presented i n  
Tabl e 5 . 9 .  Through  1 985 and 1 99 0 ,  coa l transportat ion a i r  emi ss i ons resu l t i ng from the regu 
l atory program wou l d  b e  l es s  than 9 and 8 percent , respect i ve l y ,  of  the emi ss i ons wh i c h  wou l d  
resu l t  from the req u i remen ts for coa l  transportat ion for the 1 985  and 1 990 base l i ne cases . 

5 . 2 . 3  Storage and Ons i te Proces s i ng 

Storage of  coa l  and the ons i te proces s i ng of coa l before combu s t i on can produce pa rt i c u l ate 
ma tter that enters the atmos phere . Dust from the coa l storage p i l es i s  a funct ion of  wi nd 
speed , coa l s i z e ,  coa l  moi sture content , and other factor ,  inc l uding  m i t i gat ive measures taken 
to reduce fug i t i ve dusti ng . Coal process ing , pa rt i c u l ar ly  coa l handl i n g  and crush i ng operat ions , 
can a l so produce fug i t i ve dust ing i f  proper m i t i gative measures are not ta ken . Beca use the 
coa l -dust part i c l e s  produced a re l a rge, they wi l l  q u i c k l y  sett l e  to the earth ' s  surface .  Wh i l e  
some i ncreases i n  TSP may be noted o n  a l oca l sca l e ,  there wi l l  be no measurab l e reg i ona l effects . 

5 . 2 . 4  Combustion 

The pred icted changes i n  annua l average amb i ent a i r  qua l i ty due to the proposed prog ram were 
ca l c u l ated by the stat i st i ca l  trajectory model devel oped at Argonne Na t ional Laboratory ( Shei h 



Table  5 . 7 .  1 985 Projected Ai r pol l utant Emi s s ions from Transportation of Coal from Supply Reg ions to Demand Regi ons ( s hort tons ) 

Demand 
Particul ates NOx SOx H:tdrocarbons CO Al deh�des 

Region M" U
a S

a Ta ,b M M U M M M U S 

From su��ll Region 1 to Oemand Regi ons I, I I ,  I I I  and 

I 2 , 097 1 , 1 06 204 258 1 1 7  223 1 36 1 71 1 91 240 30 38 

I I  875 461 86 272 85 1 08 9 20 74 93 9 57 72 4 79 1 00 1 2  1 3  1 6  NC 

I I I  634 334 78 564 62 78 8 42 53 67 e 41 52 6 58 73 26 9 1 1  N 

V 1 ,023 540 1 7 9  1 4 7  99 1 26 1 8  1 1  86 1 09 1 9  67 84 5 93 1 1 7  27 1 5  1 8  N 

Total
d 4 ,629 2 ,441 343 983 450 570 35 73 330 492 36 301 379 1 5  1 0  421 530 20 65 67 83 

From S'!lllLBegion 2 to Demand Regi ons I ,  I I ,  I I I ,  IV, V, VI and V I I  

I 1 28 48 1 1  1 3  10 1 2  7 9 1 0  1 3  2 2 

I I  473 1 76 34 40 49 1 35 43 1 27 33 N 38 46 1 6 7 

I I I  740 276 1 1 6 1 5  63 77 4 1 55 67 5 42 52 3 59 72 4 2 9 1 1  

I V  1 , 518 565 242 370 1 30 1 58 9 29 1 1 3  1 3 7  1 1  8 7  106 6 1 21 1 48 8 40 1 9  23 

V 1 , 231 458 287 32 105 1 28 1 1  3 91 I I I  1 2  70 86 7 98 1 20 1 0  3 1 5  1 9  

V I  7 1 6  267 1 ,089 61 74 43 53 65 46 41 50 27 57 70 37 9 1 1  

V I  I 58 22 5 5 6 N 4 5 N 3 4 N 5 6 N N N 

Tota 1 
d 4 ,864 1 ,812 1 , 773 417 41 5 505 68 33 361 440 75 227 340 43 388 475 60 45 60 73 

From sU�21l Regi on 3 to Demand Regi ons IV and VI 

IV 707 263 29 60 73 52 64 1 40 49 56 69 1 1  

V I  377 140 30 1 , 525 32 39 1 20 28 34 1 22 26 1 2  30 37 1 63 6 

Tota l d 1 ,084 403 59 1 , 525 92 1 1 2  1 20 80 98 8 62 75 1 2  86 106 1 63 1 4  1 7  

From sU2�ll Region 4 to Oemand Regi ons IV, V and VII  

I V  1 , 351 706 637 485 1 1 9  1 45 25 36 1 03 1 29 27 N 80 99 1 8  1 1 1  1 39 2 1  22 1 7  22 

V 792 4 1 4  339 253 70 85 1 3  1 9  60 76 1 5  N 47 58 9 65 82 1 2  1 2  1 0  1 3  c.n 

V I I  234 1 22 31 26 21 25 2 2 1 8  2 2  2 N 1 4  1 7  N 1 9  24 N 1 3 4 I 

Total 
d 2 , 377 1 , 242 1 , 007 764 2 1 0  255 40 57 181  227 44 N 1 4 1  1 74 27 1 95 245 33 35 30 39 

From sU2�1J' Region 5e to Oemand Regions V I  and V I I  

V I  3 , 529 1 ,804 24,978 1 61 203 1 , 843 1 39 1 7 7  1 35 1 07 1 36 184 1 50 1 90 1 , 1 23 24 30 29 

V I I  361 1 85 273 1 7  21 20 14 18 1 1 1  1 4  2 1 5  1 9  1 2  2 3 N 

Total
d 3 ,890 1 ,989 2 5 , 251 1 78 224 1 ,863 1 53 1 95 1 36 1 1 8  1 50 1 86 1 65 209 1 , 1 35 26 33 29 

From sU�21� Region 6 to Oemand Regions V, V I ,  V I I ,  V I I I ,  I X  and 

V 1 , 362 42 1 53 1 34 4 103 1 44 22 

V I  55,423 6, 244 5 ,437 4 , 1 74 5 , 847 91 2 

V I I  2 , 056 232 202 1 55 2 1 7  34 

V I I I  427 438 48 32 42 32 45 20 7 

I X  4 ,486 505 440 338 473 74 

X 1 , 204 1 36 1 1 8  91 1 27 20 

Tota 1 
d 64 , 958 43 438 7 , 318 32 6 , 373 4 , 893 6, 853 20 1 ,069 

From su��lX Regions 7 and 8 to Demand Regions V I ,  V I I ,  V I I I ,  I X  and 

VI 8 , 2 1 8  625 543 41 7 586 92 

V I I  85 6 6 4 6 N 

V I I I  289 53 22 4 1 9  1 5  2 1  2 3 

I X  2 5 , 261 51 3 1 , 922 38 1 , 668 1 . 281 J ,800 23 283 

X 232 6 1 8  N 1 5  1 2  1 7  N 3 

Tota l d 3 4 , 085 572 2 , 593 42 2 , 251 1 , 729 2 ,430 25 381 

National 
Tota 1 s 1 6 ,844 1 06 , 930 3 , 225 29,950 1 , 345 1 1 ,577 1 48 2 ,220 1 ,1 05 1 0 ,076 1 6 1  1 55 899 7 , 740 90 224 1 , 255 1 0 ,848 1 1 8  1 ,488 1 97 1 , 695 1 0  3 1  

aM _ mi xed tra i n ;  U - u n i t  tra i n ;  B - barge. 

bprojections i nc l ude only those regi ons where truck is a major mode of transportation. 

cN indi cates a ne91 i gible value « 1 ) .  
d Inc1udes negl i gible values l i sted i n  table. 

eTexas l i gn i te characteri stics are not ava i l ab l e ;  threfore , Northern Great Plains l i gnite characteri stics are assumed in the cal cul ations . 



Tabl e 5 . B .  1 990 Projected Ai r Pol l utant Emi s s ions from Transportation of Coal from Supply Reg i ons to Demand Reg i ons ( s hort tons ) 

Demand 
Region 

I 
I I  

I I I  
V 

Total
d 

I 
I I  

I I I  
I V  

V 

Total d 

IV 
VI 

Total
d 

IV 
V 

V I I  

Total
d 

VI 
V I I  

Total
d 

V 
VI 

V I I  
V I I I  

I X  
X 

Total d 

VI 
V I I  

V I I I  
I X  

X 

Total d 

National 

H" 

3 ,360 
1 ,544 
1 .  1 75 
1 , 277 

6 ,079 

204 
835 

1 ,371 
2 , 900 
1 ,537 

6 ,847 

1 ,350 
776 

2 ,1 26 

2 , 478 
989 
373 

3.840 

6.077 
574 

6 .651 

Particul ates 

ua 8a 

1 ,772 
814 
6 1 9  
674 

3 ,879 

76 

152 
145 
223 

520 

31 1 60 
5 1 1  2 1 5  

1 ,079 462 
572 358 

2 , 549 1 ,095 

502 
288 

790 

55 
62 

1 17 

Ta ,J) 

480 
1 ,045 

183 

1 ,708 

28 
707 

40 

775 

3 , 141 

3,141  

1 .295 
5 1 7  
194 

1 . 169 890 

2 .006 

3. 107 
294 

3.401 

1 .700 
1 14 . 1 1 6  

3.273 
793 

7 ,366 
2 ,206 

129.454 

1 6 .921 
1 35 
536 

4 1 .428 
424 

59,444 

423 3 1 6  
4 9  41  

1 .641 1 .247 

52 

54 

43.014 
434 

43 .448 

813 

813 

841 
1 1  

852 

�1 

327 
1 50 
1 1 5  
124 

716 

1 8  
7 1  

1 1 7  
248 
1 3 1  

585 

1 1 5  
66 

181 

218 
87 
33 

338 

277 
27 

304 

NOx SOx Hydrocarbons 

8 M M 

From Supply Region 1 to Demand Regi ons I, I I ,  I I I  and / 
413 187 357 
191 1 6  35 131 164 16 4 
145 15 78 98 124 1 5  6 
1 57 22 14 107 136 24 N 

906 53 1 27 523 781 55 1 0  

2 1 8  
100 

76 
84 

478 

From S".ooly Region 2 to Demand Regions through V 
21 1 6  1 9  1 1  
8 6  2 6 2  7 6  2 48 

143 7 2 102 1 24 10 78 
302 1 7  55 216 262 21 1 66 
1 60 14 4 1 1 4  139 15 87 

7 1 2  40 61 510 620 48 390 

From Supply Region 3 to Demand Regions IV and VI 

1 39 2 99 122 2 76 
80 2 247 58 70 2 16 45 

219 247 1 57 192 16 1 2 1  

From Supply Region 4 to Demand Regi ons IV, V and V I I  

266 4 6  6 6  189 237 5 0  N 147 
106 1 6  24 75 95 1 9  N 59 

40 3 3 29 35 3 N 22 

372 65 93 293 367 72 228 

From Supply Region 5e 
to Demand Regi ons VI and V I I  

349 3 . 1 74 239 305 232 184 
33 32 22 29 2 18 

382 

1 9 1  
1 2 ,488 

369 
89 

829 
249 

1 4 .216 

3 .206 261 334 234 202 

From Supply Region 6 to Demand Regions V through X 

167 

4 

1 1 , 1 95 
322 

59 78 

59 

722 
216  

1 2 , 700 

274 
1 27 

96 
105  

602 

1 4  
58 
96 

202 
107 

477 

94 
54 

148 

182 
72 
27 

281 

234 
22 

256 

129 
8.594 

247 
59 

555 
1 67 

9 . 751 

From Supply Regions 7 and 8 to Demand Regions VI through X 

1 , 287 1 , 1 1 8  
1 0  10  
98 41 

3 , 1 52 62 2 , 735 
n N 27 

4 ,580 62 3,931 

7 
3 
N 

1 0  

859 
6 

35 
2 , 1 00 

22 

3,022 

7 
1 1  

6 

24 

N 
6 

1 1  
9 

26 

33 
1 1  

N 

44 

4 
7 
5 

1 6  

25 

25 

7 
2 
N 
9 

317  
3 

320 

N 
6 
N 

6 

M 

306 
1 39 
1 08 
1 1 6  

669 

1 6  
67 

109 
231 
122 

545 

107 
62 

1 69 

204 
81 
30 

315  

258 
24 

282 

co 

385 
1 76 
1 35 
146 

842 

21 
81 

133 
283 
1 50 

668 

1 32 
77 

209 

255 
102 

38 

395 

327 
30 

357 

180 
1 2 .039 

345 
84 

777 
233 

1 3 .658 

1 ,207 
1 0  
39 

2 .952 
3 1  

4 ,239 

1 2  
1 1  

9 
32 

2 
7 

1 5  
1 2  

36 

39 
15 

N 

54 

21 
48 
34 

1 03 

4 
76 

4 

84 

336 

336 

40 
1 5  

2 

57 

1 .934 
1 9  

1 .953 

37 

37 

4 
38 

N 

42 

M 

48 
23 
17 
1 9  

1 07 

3 
1 1  
1 7  
36 
1 9  

86 

1 7  
1 0  

27 

31 
1 2  

5 
48 

41 
3 

44 

Aldehydes 

61 
28 
20 
22 

1 3 1  

3 

N
e 

N 
N 

1 2  N 
20 N 
44 1 0  
24 N 

103 10 

21 
1 2  

3 3  

N 
1 
N 

1 

N 
N 
N 

N 

40 
1 6  

6 

2 1 

62 

52 
5 

57 

27 
1 .878 

54 
1 3  

122 
36 

2 . 1 30 

189 
N 
6 

464 
5 

664 

N N 
N N 

1 

50 
N 

50 

N 
N 
N 

Total 25,543 201 ,523 3 ,427 51 ,984 2 . 1 24 21 .387 166 3,855 1 , 744 1 8 ,925 184 278 1 ,419 1 4 , 537 102 388 1 ,980 20.368 1 30 2 ,6 1 2 31 2 3 , 1 80 1 4 56 

aM - mixed tra i n ;  U - uni t  tra i n ;  B _ barge. 
bprOjections include only those regions where truck is a major mode of transportation . 
e

N indicates a negl igible value (< 1 ) .  
d

lnel udes negl i g i b l e  val ues l i sted I n  table. 
e

Texas l ignite characteristics are not ava i l able;  threfore, Northern Great P l a i ns l i gnite characteristics are assumed in the calculations.  

'" I 
.... 
� 
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Tab l e  5 . 9 .  Data Base for Ai r Emi ss i onsa Res u l ti ng from I ncreased Transporta t i on of Coa l 
Due to the Proposed Action ( ton / 1 0 1 2 Btu/mi l e )  

Un i t  tra i n s  

Northern Great P l a i ns 

Central reg i on 

Northern Appa l ach i a  

Central Appa l ac h i a  

Southwest 

Texasb 

Mi xed tra i n s  

Centr.al reg i on 

Northern Appa l ach i a  

Central Appal ach i a  

R i ver barge 

Central reg i on 

Northern Appal ach i a  

Central Appa l ach i a  

Truck 

Centra 1 reg i  on 

Northwest 

Northern Appa l ach i a  

Central Appa l ach i a  

Parti cul ates 

0 . 1 58 

0 . 07 

0 . 0575 

0 . 0458 

0 . 209 

0 . 1 58 

0 . 1 34 

0 . 1 09 

0 . 1 23 

0 . 0667 

0 . 0246 

0 . 058 

1 9  

2 2 . 9  

1 7  

1 6 . 4  

NOx 

0 . 0 1 78 

0 . 01 44 

0 . 01 34 

0 . 01 28 

0 . 01 59 

0 . 01 78 

0 . 0 1 1 8  

0 . 01 06 

0 . 01 05 

0 . 00265 

0 . 00238 

0 . 00230 

1 . 4 

1 . 69 

1 . 28 

1 .  29 

0 . 01 55 

0 . 0 1 28 

0 . 01 1 6  

0 . 01 1 1  

0 . 01 38 

0 . 0 1 55 

0 . 0 1 02 

0 . 0091 9 

0 . 00913 

0 . 00283 

0 . 00255 

0 . 00246 

0 . 1 04 

0 . 1 24 

0 . 093 

0 . 09 

Hydrocarbons 

0 . 01 1 9 

0 . 00983 

0 . 00891 

0 . 00856 

0 . 0 1 06 

0 . 01 1 9 

0 . 0079 

0 . 00709 

0 . 00702 

0 . 00 189 

0 . 001 53 

0 . 00 1 43 

0 . 1 4  

0 . 1 69 

0 . 1 28 

0 . 1 24 

Adapted from Un i vers i ty of Ok l ahoma ( 1 975 ) , Tab l e s  1 -55 and 1 -56 .  

CO 

0 . 0 1 667 

0 . 0 1 38 

0 . 01 25 

0 . 01 1 97 

0 . 01 49 

0 . 01 667 

0 . 01 1 0  

0 . 00991 

0 . 00982 

0 . 00223 

0 . 00204 

0 . 001 97  

0 . 866  

1 . 03 

0 . 776 

1 . 754 

Al dehydes 

0 . 0026 

0 . 0021 6 

0 . 00 1 96 

0 . 001 88 

0 . 00234 

0 . 0026 

0 . 00 1 73 

0 . 001 56 

0 . 001 54 

0 . 0001 5 

0 . 0001 1 9  

0 . 0001 1 3  

0 . 023  

0 . 027 

0 . 021  

0 . 02 

aBased on an average haul  di s tance of 1 6  km ( l O  mi l .  Parti cu l ates represent those assoc i ated 
wi th w i nd l os ses a l ong the route and at the end points . The NOx ' SOx ' hydrocarbons ,  CO , and 
a l dehyde emi s s i on s  are those due to d i ese l fue l combustion . 

bData on Texas l i gn i te characte ri st ics  are not avai l ab l e ;  therefore , Northern Great P l a i ns 
l i gn i te characteri sti cs  are a ssumed i n  the cal cu l at ions . 

1 977 ) . The energy consumed wi th i n  each demand reg ion , by fuel type for 1 985 and 1 99 0 ,  w ith and 
w i thout the proposed act i on , ori g i nated from the P I ES model ( see Sec . 3 ) , and were di saggregated 
to the AQCR l eve l w i th i n  each demand reg ion by the method descri bed in Appendi x O .  The em"i ss i on s  
o f  502 , NOx and parti c u l a tes were then assumed t o  meet New Source Performance Standards ( NSPS )  
of 1 . 2 l b  S02 per 1 06 Btu ,  0 . 7  l b  NOx/ 1 06 Btu and 0 . 1  l b  particu l ates/ 1 06 B tu ,  respect ive l y .  
These s tandards are presen tly under rev i s i on by the C l ean A i r  Act Amendments o f  1 977 .  Any new 
regu l ations  wi l l  be at l east  as restri ctive ,  so these assumpti ons  prov i de a worst-case ana lysi s 
of emi s s ions  and ground- l evel concentrat ion s .  The emi s s i on sources wi th i n  each AQCR were l ocated 
at one or two po i n ts ,  depend i n g  on present i ndustr i a l  l ocati ons .  The effective stack he i gh t  of 
the ut i l i ti e s  was assumed to be 500 m ,  the � ndustries 1 35 m, and res i dent ia l  and commerc i a l  
50 m .  I sopl eths o f  concentrations  were computer generated .  These i sop l eth val ues were overl a i n  





Tabl e 5 . 1 1 .  Mi l eage Estimated for Transportation of Coal from the Supply Regi ons  to Demand Regi ons 

Demand Req ion 

I I  I I I  I V  V V I  V I I  V I I I  IX  X 
Suppl y Regi on Boston New York Phi l adel phi a Atl anta Chicago Dal l a s  Kansas C i ty Denver San Franci sco Seattl e 

Northern Appa l achia  
Pi ttsburgh ,  Penn . 561 368 288 452 

Central Appa l achia  
Knoxvi l l e , Tenn .  9 1 1 7 1 5 61 5 1 93 527 837 728 

Central Reg ion 
Shawneetown , I l l .  470 388 400 

Texas 
574a Dal l a s  562 

1)"1 I Northern Great P l a i ns -' 

Sheridan , Wyo . 1 1 39 1 200 1 01 5  428 1 320 948 1)"1 

Southwest 
Grants , N .  Mex . 2 1 44 71 8 860 580 1 236 1 736 

aThis  i s  the mi l eage between Dal l as and El Paso, representi ng one of the l onger haul s that cou ld  take pl ace in the state . 



Tabl e 5 . 1 2 .  1 985 and 1 990 Projected Annual Ai r Pol l utant Emi s s ions from Transportation of Coal by Supply Reg i on 
( s hort tons of emi s s ions/ l 0 1 2 Btu ) 

.Supply Particul ates NOx SOx H,r:drocarbon CO Al deh,r:des 

Reg i on BC PA BC PA BC PA BC PA BC PA BC PA 

1 985 

1 1 1 7 , 7 1 9  3 , 767 2 1 , 1 88 678 1 6 , 656 533 1 2 , 625  404 1 9 , 2 1 9  61 5 2 , 594 83 
2 1 25 ,063 4 ,002 1 8 , 938 606 1 6 , 1 56 5 1 7 1 2 , 063 386 1 8 , 1 25 580 2 , 500 80 
3 23 , 654 1 , 987 2 , 786 234 1 , 286 1 08 1 , 3 1 0  1 1 0  3 , 226 271 226 1 9  
4 1 43 ,476 3 ,0 1 3 1 6 , 762 352 1 2 , 905 271  9 ,857 207 1 4 , 905 31 3 1 , 905 40 
5 7 5 , 041  27 , 240 5 , 749 2 ,087 91 2 3 1 3 926 336 3 , 702 1 ,344 1 7 1 62  
6 7 1 1 , 293 65 , 439 7 9 , 924 7 , 353 69 , 337  6 , 379  53 , 239  4 ,898 74 , 739 6 ,876 1 1  , 641  1 , 071  

7 & 8 406 , 563 3 4 , 657 3 0 , 9 1 1 2 , 635 26 , 430 2 ,253  20 , 330 1 , 733 28 ,800 2 ,455 4 , 470 381 

Tota l 1 , 602 ,809 1 40 , 1 05 1 76 , 258 1 3  , 945 1 43 , 682 1 0 , 392 1 1 0 , 350 8 , 074 1 62 , 7 1 6 1 2 ,454 23 , 507  1 , 736 

1 990 

1 271  , 654 6 , 1 07 48 , 308 1 , 086 37 , 632 846 28 , 558 642 43 , 459 977 5 ,872 1 32 
2 1 48 , 654 4 ,4 1 9 2 7 ,349 81 3 22 , 606 672  1 7 , 1 23 509 26 , 508 788 3 ,801 1 1 3  
3 46 , 1 47 4 , 048 5 , 358 470 2 ,41 7 2 1 2 2 , 041 1 79 6 , 259 549 422 37 
4 299 , 3 7 1  4 ,894 32 , 42 1  530 26 ,854 439 20 , 43 1  334 30 , 953 506 3 , 976 65 
5 1 89 , 655 46 ,849 1 4 , 525  3 , 588 2 , 299  568 2 , 332 576 9 , 35 1  2 , 3 1 0  433 1 07 lJ1 

I 

6 1 ,807 , 032 1 30 , 321  1 97 , 993 1 4 , 279  1 76 , 223  1 2 , 709 1 35 , 3 1 8  9 , 759 1 8 9 , 950 1 3 , 699 2 9 , 562 2 , 1 32 0\ 
7 & 8 609 , 1 1 3  60 , 296 46 ,894 4 ,642 39 ,8 1 2 3 , 941 30 , 589 3 ,028 43 , 247  4 , 281  6 , 708 664 

Total 3 , 37 1 , 626 256 , 934 3 72 , 848 25 ,408 307 ,843 1 9 , 387  236 , 392 1 5 , 02 7  349 , 72 7  23 , 1 1 0  50, 7 74 3 , 250 

BC - base case . 
PA - proposed acti on .  
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w i th an AQCR map ( see F i g .  5 . 1 ) ,  and appropr iate resu l tant concentrati ons w i t h i n  each AQCR were 

then determi ned . Part i c u l ate concentrati ons were assumed to be a constant 25 percent of S02 

concentrat ions . 

Fi g .  5 . 1 . Boundar i e s  of A i r  Qual i ty Contro l Reg i ons . From Pechan ( 1 97 7 ) .  

These ground- l evel  concentrat i ons are cal c u l a ted by an anal yt ica l  method wh i ch by des i g n  i gnores 

l ocal  effec ts . Local ground - l evel  concentrati ons dom i nate in i nd ustri a l i zed reg i ons , but these 

pred i cted val ues represent the contri but ions to bac kground concentrat i ons due to fac i l i t i es 

upwi nd of the reg i o n .  

Base-case emi ss i ons for 1 985 and 1 990 were cal c u l a ted i n  a s i mi l ar fash i on ,  w ith  representa t i ve 

emi s s i on factors ( USEPA 1 97 3 )  and emi ss i on he i ghts for the i ndustr ia l , u ti l i ty ,  res i dent i al , and 

commerc i al sectors u sed to determine  S02 ,  NOx , and parti cu l a te emi s s i ons . The 1 985 and 1 990 

base-case concentrati ons  of S02 are presented in F i g ures 5 . 2  and 5 . 3 ,  respect i vel y .  

Maps of the nati onal annual average concentrati ons of S0 2 resu l t i ng from the i ncreased coal 

combust i o n  for 1 985 and 1 990  a re presented as Fi gures 5 . 4  and 5 . 5 ,  respecti vel y .  The maximum 

pred i cted concentration  i s  l ess  than 2 . 5 �g/m3 . Th i s  compares wi th a predi cted max imum concen

tra t i o n  of  48 �g/m3 in  1 985 and 69 �g/m3 in  1 990 resu l t i ng from al l emi s s i ons ( F i gs . 5 . 2  and 

5 . 3 ) . The 1 97 6  measured backgro und val ues ( F i g .  4 . 8 )  average more than 20 �g/m 3 ,  with reported 

maxi mum excee d i ng 80 �g/m3 . 

Ground-l evel  TSP  concentrati ons fo l l ow the same patterns as S0 2 '  due to the constant percentage 

assumed between S0 2 and TSP concentra t i ons . The maximum pred i c ted reg i onal TSP concentration  

res u l t i ng from the sh i ft to coal  i s  l ess  than  1 . 5 ug/m 3 . Th i s  compares wi t h  the maxi mum pre

d i c ted 1 985 and 1 990 TSP concentra t i ons due to combustion  of foss i l  fuel s of  1 3  �g/m3 and 

1 8 �g/m3 .  The 1 97 6  measured nati onal annual  average bac kground i ncl ud ing natural sources was 

i n  excess of 35 �g/m 3 , as  presented i n  F i gure 4 . 4 .  
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The primary 1 985 reg i onal i ncreases wi l l  occur north of Texas , i n  Southern Appa l achia , and i n  
the v i c i n i ty of  P i ttsburgh . The same genera l trends are noted i n  the 1 990 sh i ft wi th the 
coasta l region  of  Texas more heavi l y  affec ted . Those reg ions  pred i c ted to have h i g h  background 
concentrations  i n  both 1 985 and 1 990 are Southern Appal achia  and the heav i l y  i ndustria l i zed 
Great Lakes . The pred i c ted i ncreases due to coal convers ion  wi l l  have l i ttl e effect on those 
AQCRs predicted to have h i �h bac kground concentrati ons , con s i der ing  that the max imum pred i cted 
1 990 background i s  69 �g/m , wh i l e  the max imum s h i ft i s  2 . 5  �g/m3 , and i n  no AQCR pred i c ted to 
have the h i ghest bac kground does the maxi mum s h i ft i ncrea se occ u r .  

Gaseous  oxi des of  n i trogen are formed by t h e  reaction of oxygen w i t h  n i trogen , both from the 
combu stion  a i r  and from n i trogen bound i n  the fuel , duri ng combus t i on at  h i g h  temperatures and 
are emi tted from the p l ant stac k .  N02 , a brown toxi c  ox ide ,  i s  a cri teria  pol l u tant for wh ich  
both ambi ent and emi s s i on standards have been set  by the  USEPA .  

Ox ides o f  n i trogen react wi th other compounds i n  the atmosphere , form i ng n i tr ic  ac id , n i trates , 
n i tri tes , n i tro-compounds , a l dehydes , ketones , perox i des , acyl -n i trates , and partic l es . These 
compounds , col l ecti vel y cal l ed photochemica l  smog , a l l absorb sol ar radi at i on and produce free 
rad ica l s wh i c h  resu l t i n  the formation of other new compounds ( Varney and McCormac 1 97 1 ) .  
Va rious  ox ides of n i trogen react with water and serve to ac id i fy prec i p i tati on ( Counc i l  on 
Env i ronmental Qual i ty 1 979 ) .  Ga seous  and particu l ate n i trogen ox ides both d i scol or and attenu
ate l i ght  transm i s s i on through  the atmosphere , reduc i ng v i s i b i l i ty .  

Formation  and regu l ation  of  o zone and hydrocarbon concentrations  are rel ated to NOx concentra
t i ons . I t  i s  estimated that more than 1 50 el ementary react ion s ,  with vary i ng reac t ion ra tes , 
determi ne NOx trans formations  ( Mu thukr i s hnam and Peters 1 977 ) .  These react i ons  depend on sun
l i ght , temperature , and the presence or  a bsence of  other chemi ca l s  in  the atmosphere . Experi 
ments i n  carefu l l y control l ed smog c hambers are bei ng made to determine  the parameters of  
i nterest ,  but no accurate NOx model presently exi sts . Because NOx chem i stry i s  so poor ly  under
stood , no proj ecti ons of ground-l evel concentrations  of N02 were made . 

Emi ss i ons  of n i trogen ox i des wi l l  i ncrease as a resu l t  of the impl ementation  of  the Act .  These 
i ncreases were estimated , as  d i scu ssed earl i er in the section , based on emi s s i ons  meet i n g  New 
Source  Performance Standards for coal , gas ,  and o i l  fac i l i t i es of 0 . 7 ,  0 . 2 ,  and 0 . 3  l b/ 1 06 Btu , 
respect i vel y .  The maximum i nc rea se i s  l ess  than 4% of total 1 990 base-case proj ection s .  The 
percentage i ncrease in N02 emi s s ions  wi l l  be s l i ghtl y l ess  than the percentage i ncreases of  the 
other pol l utants , as N02 is al so  formed from atmospheri c  n i trogen dur ing the combustion  of a l l 
fuel s and i s  not s trictl y a funct ion of  the n i trogen content of the fuel . However , the i ncreases 
in the emi s s i on of oxides of n i trogen may resu l t  in the production  of add i t i onal  amounts of 
photochem ical smog and may exacerbate resp i ratory a i l ments on a l ocal ba s i s .  V i s i bi l i ty may be 
impai red and prec i p i tation  may be acidi fied on both l ocal and reg i onal  sca l e s .  

These S02 and TSP reg i onal  concentrations  are bel ow the annual fl uctuations  i n  concentrations . 
However ,  due to the l ow effect i ve emi s s i on he ights and l ocation of  the i ndustrial  fac i l i t i es , 
the l ocal  concentrations  ( w i t h i n  1 0  km [ 6 . 2  mi J of a fac i l i ty )  may be important .  These impacts 
wi l l  be addressed by the proper regu l atory agen c i es during the perm i tting  proces s .  

Gaseous  S02 i s  converted t o  part i cu l ate s u l fate i n  the atmosphere ( Dvorak et al . 1 977 ) .  The 
sul fate concentrati ons resu l t i ng from i ncreased S02 em i ss i ons as  a resu l t  of the impl ementat ion 
on the Act were ca l cul ated and used to estimate prec i p i tation  ac i d i fication  i n  Section  5 . 3 . 2 .  
Add i t i onal l y ,  these su l fate partic l es contri bute to reg i onal TSP l oad i ng s .  Because s u l fate 
part ic l es are smal l and react i v e ,  they may represent a g rea ter hea l th hazard than l a rger pa rt i 
c l es ,  as  d i sc ussed i n  Section  5 . 9 . 5 .  

I ncrea ses i n  s u l fate concentrations  a s  a resu l t o f  the impl ementa tion  o f  the Act are proj ected 
to be sma l l .  Less tha n 4% of the nation i s  s ubjected to projected g round-l evel concentrati ons 
in excess of 1 �g/m3 , and 86% of  the nation i s  projected to experi ence concentrat ions  l ess  than 
0 . 25 �g/m3 at the time of maxi mum impact .  These ca l cu l at ions are conserva t i ve ,  for no removal 
of part i c l es by prec i p i tation  is a ssumed . Ac tual s u l fate concentrati ons wi l l  be l ess , for pre
c i p i tation  wi l l  remove many of the parti c l es before they d i sperse to ground l evel ( see Sec . 5 . 3 . 2 ,  
Ac id  Ra i n ) . 

I n  add i t ion  to presenti ng a hea l th hazard , su l fates and other parti c l es and gasses reduce  v i s i 
bi l i ty ( Rob i nson 1 958 ) .  Beca use S02 to su l fate and NOx to n i trate transformations occur l ong 
after the time of  emi s s i on at  vary i ng d i stances downw ind , i ncrea sed s u l fate , n i tra te , and other 
gaseous and part i c u l a te concen trations  at m id- and upper- l evel s i n  the atmosphere can reduce 
v i s i b i l i ty on  a reg i onal sca l e .  Al though sul fate concentrations  can be pred icted wi th some 
confi dence , no means are presentl y  ava i l a bl e to determ i ne the impact of i ncreased emi ss ions  on 
reg i onal  v i s i b i l i ty ( Leaderer et a l . 1 979 ;  Wol ff 1 979 ) . However,  i t  can be i nferred tha t the 
probl em i s  most l i ke l y  to be a probl em i n  the West ,  where pol l utant removal by preC i p i tat ion i s  
s l ow ,  v i s i b i l i ty i s  presentl y good , and d i stances to objects o f  i nterest i s  great .  However , ·as  
shown in  F i gures 5 . 20 and 5 . 2 1 , i ncreases in  S02 ' and thus su l fa tes , are smal l in  the West .  
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Increas i ng prec i p i tation  removal decreases atmospher i c  concentrati ons , wh i l e  i ncreas ing  the di s
tance to v i ewed objects a l l ows for more atmos pheri c f i l teri ng and thus more poten t i a l modi fi cati on 
due to a tmospher i c  consti tuents . 

The operator of any new or  mod i fied  fac i l i ty c l assi f ied as a maj or source by the USEPA must demon� 
s trate to the sati sfac t i on of the proper regu l atory author i ty that no s i gn i f icant i mpact on the 
v i s i b i l i ty of any C l ass 1 PSD area wi l l  resu l t from the operat i o n  of that fac i l i ty .  I ncreased 
coal u se resu l t i ng from the i mpl ementat ion of the Act wi l l  be exami ned on a case-by-case bas i s , 
and the f i nal determi nati on wi l l  rest w i th the proper regu l atory authori ty .  I ncreases i n  S0 2 , 
s u l fates , f ly ash , and NOx emi s s i o n s  as a resu l t of the impl ementat ion  of the Act are proj ected 
to be smal l .  Correl a t i on of these smal l emi s s i on i ncreases wi th v i s i b i l i ty impai rments i s  beyond 
the present s tate-of-the-art . 

Because coal use i n  ex i st i ng and new faci l i t i es i s  assumed to occur i n  present ly  i ndus tri a l i zed 
reg i ons  where a i r  qual i ty may present ly  be poo r ,  confl i c ts between i ncreased coal use and a i r  
qual i ty regu l at i ons  may occur .  A tota l of 4 2 1  o f  the 3033 cou n t i es i n  the contermi nous Un i ted 
States are presentl y i n  non-attai nment for TSP , and 1 0 1 count ies for S0 2 concen trati ons ( USEPA 
1 978 ) . TSP emi s s i ons  are expected to decrease as contro l  devi ces are i ns tal l ed i n  more stationery 
emi ss i on sources . However , S02 emi s s i ons  wi l l  be even more d i ff icu l t to decrease , and therefore 
may represent a greater obstac l e  to i ncreased coal u se .  I ncreased coal u se i n  some AQCRs may be 
constra i ned i n  order to compl y  w i th a i r  qual i ty s tandards , un l es s  emi s s i on offsets are purchased . 

For 1 985 , 1 7  percent  of  the total fuel u sage due to the proposed act ion  i s  a l l ocated to AQCRs 
presentl y i n  non-attai nment for S02 concentrat i ons . E l even percen t  of the 1 985 new faci l i ti es 
and 31 percent of the ex i st i ng pl ant convers ions  are i n  non-attai nment AQCRs . I n  1 990 , 1 1  percent 
of the total fuel u sage is a l l ocated to AQCRs presentl y in non-attai nmen t ,  w i th 1 1  percent of 
both new and ex i st i ng faci l i t i es so s i ted . I t  i s  imposs i b l e  to proj ect the number or  l ocati ons 
of AQCRs that wi l l  be in v i o l at ion  of the National  Amb i ent  Air Qual i ty Standards ( NAAQSs )  i n  
1 985 or 1 990 . T h e  pred i cted i ncreases i n  S02 and TSP concentrations are d u e  n o t  on ly  t o  emi s s i ons 
w i t h i n  an AQCR , but al so i nc l ude contr i but ions  of AQCRs that are l ocated upw i n d .  

Coal -burn i ng faci l i t i es can b e  s i ted i n  non-attai nment areas . The fac i l i ty mu st  demonstrate that 
the Lowes t  Achi evabl e Emi s s i o n  Rate ( LAER)  wi l l  occur by meeti ng e i ther the most  stri ngent emi s
s i on l imi t for  such a source found i n  any State Impl ementat ion P l an or the  l owes t rate achi eved 
i n  pract i ce or reasonab ly  expec ted to be achi eved in pract ice for such  sources . Any o ther source 
owned or operated by the same company i n  the same AQCR must al so be in compl i ance w i th a l l appl i 
cab l e a i r  qual i ty regu l at ions  o r  o n  a n  approved compl i ance sched u l e .  Befo re operat i n g , the 
fac i l i ty must ach i eve , through emi s s i on offsets , a greater red uct i on in the emi s s i on of the pol 
l utant ( s )  for wh i c h  the area i s  i n  non-attai nment than the fac i l i ty wi l l  produce . The operator 
must a l so  demonstrate a net a i r  qual i ty benefi t .  I f  a fac i l i ty i s  s i ted i n  a non-attai nment area , 
a net improvement i n  a i r  qual i ty must be pred i cted u s i ng acceptabl e techn i ques before the faci l i ty 
can operate . 

As an area can be i n  non-attai nment for one or more pol l utants and meet amb i en t  s tandards for 
other pol l u tants , both PSD and non-attai nment regu l a t i ons  may s i mu l taneous ly  apply to a fac i l i ty .  
I n  s uch a s i tuati on , a net a i r  qual i ty benefi t must be s hown for those pol l utants i n  exces s of 
ambi en t  s tandards whi l e  ambi ent l evel s can i ncrease up to the al l oted PSD i ncrement for those 
pol l utants bel ow amb i en t  s tandard s .  

Non-attai nment s tatus i s  constant ly  chang i ng due to vari at ions  i n  pol l ut i on emi s s i ons and mo n i 
toring  networks . Future proj ec ti ons of non-attai nment areas are i mposs i b l e ,  b u t  a l l AQCRs are 
to be i n  compl i ance w i th the Nati onal Ambi ent  Ai r Qual i ty Standards (NAAQS ) by 1 982 .  However , 
i t  i s  l i kely that those i ndustr ia l i zed reg i ons of the country that present ly  have poor a i r  
qual i ty have the potent i al t o  cont i nue t o  have a i r  qual i ty probl ems .  Impl ementa t i on o f  the FUA 
has the potent i a l  to affect the a i r  qual i ty of port i ons of the nat i o n .  I n  those areas predi cted 
to have ground- l evel concentrat i ons approachi ng standard s ,  any i ncremental i ncreases reduce the 
a i r  resource avai l ab l e to other pol l uters . Th i s  reduct i on i n  the avai l ab i l i ty of pol l utabl e a i r  
may prec l ude i ndustr i al devel opment ,  or  force certai n  emi tters t o  seek offsets before deve l opment 
can occ u r .  Al so , i nc remental i nc reases in ground- l evel concentrations  may be h i g h  enough i n  
certa i n  areas t o  degrade presentl y pri s t i ne a i rshed s .  These i nc rements may change the character 
of a reg i o n , and resu l t  in a s i gn i fi cant impact even if NAAQSs are not approached . 

Tabl e 5 . l 2a i s  a l i sti ng of those AQCRs that are pred i cted to have the h i g hest ground- l evel 
concentrat i o n s  under base-case use , the i r  present attai nment s tatus  wi th res pect to both TSP and 
S02 , and the i ncreased ground- l evel SOL concentrat ions  that wou l d  resu l t from impl ementatio� of 
the FUA . The maxi mum proj ected i ncrease due to the program (AQCR 1 78 ,  Northwest Pennsyl van l a
Youngs town , O h i o )  i s  0 . 7 5 �g/m3 , or about 1 percent  of the pred i cted 1 990 base-case concentrat ion 
( 65 �g/m3 ) .  Al l o ther AQCRs w i th pred i cted h i gh base-case concentrat ions have sma l l er i ncreases . 
I t  i s  u n l i kely that impl ement i ng the FUA wi l l  have s i gn i f i cant impact on other i ndustri a l  
deve l o pment on  a reg i onal scal e i n  any part of the nati on . 
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Tabl e 5 . 1 2a .  Present Atta i nment Status and Pred i c ted Ground-l evel Concentra t i on o f  S02 
in  Those AQCRs w i th H i g hest  Projected Base-case Concentra t i ons 

----_._-_. 

1 978 Atta i nment  1 985 1 990 

Demand Statusa 
Base Case I ncrement Base Case I nc rement 

AQCR Reg i on TSP S02 ( llg/m 3 ) ( llg/m3 ) ( llg/m 3 ) ( llg/m 3 )  
.. _----

1 1 2  I I I Part Yes 45 0 . 01 65 0 . 0 1 

1 1 3  I I I Pa rt Yes 45 0 . 0 1 65 0 . 0 1 

1 1 5  I I I No Yes 35 0 . 0 1 65 0 . 30 

1 78 I I I Part Part 45 0 . 05 65 0 . 75 

1 95 I I I Part Part 45 0 . 05 65 0 . 05 

1 96 I I I No Yes 45 0 . 0 1 65 0 . 0 1 

226  I I I Yes Yes 45 0 . 05 65 0 . 05 

23 1  I I I Yes Yes 45 0 . 0 1 65 0 . 0 1 

233  I I I Yes Yes 45 0 . 0 1 65 0 . 0 1 

a From Federal Reg i s ter , Fri day , March 3 ,  1 978 . Part I I , Env i ronmenta l Protec ti  on Agency , 
Nationa l  Amb i ent  A i r  Qua l i ty Standards , States Atta i nment Statu s .  

Al l - i n a tta i nment . 
No - not i n  attai nmen t .  
Part - part i a l l y  i n  a tta i nment . 

Tabl e 5 . 1 2b i s  a l i st i ng of those AQCRs that are pred i cted to have the h i ghest  i nc reases i n  
ground-l evel concentrati ons due to the i mpl emen tat i on o f  the FUA , thei r present attai nment 
status w i t h  res pect to both TSP and S02 ' and the pred i cted 1 985 and 1 990 base-case ground- l evel 
concentrati ons . None of  these AQCRs are pred i c ted to have h i g h  base-case concentrat i ons . On ly  
maximum i nc rease ( 2 . 0-2 . 5  Il g/m3 S02 ) exceeds the al l owabl e PSD  Cl ass  1 i ncrement .  However , no 
Cl ass 1 a reas are affected by the AQCRs recei v i ng the max i mum i ncrea se , and even t he maximum 
i ncreases are a l l owab l e under Cl ass  2 and Cl ass  3 regu l ati ons if they do not cause a v i o l a-
t i on of  the s tandards . Thus , no pri s t i ne a i rsheds wou l d  be strong l y  affected by the program . 

A i r  qua l i ty proj ec t i ons were a l l  performed on a reg i onal  ba s i s .  I n  those AQCRs not i n  atta i n
ment a s  convers i o n s  beg i n ,  o perators must o bta i n  perm i t s  from the EPA before i nc rea s i ng emi s s i o n s .  
I n  t hose AQCRs near pri st i ne ( C l a ss  1 )  a i rshed s , i t  must b e  demonstrated that  n o  deg rada t i on 
wi l l  occur before convers ions  may beg i n .  However , some o f  the i ncreased coal  use  as sumed a t  the 
prog ramma t i c  l evel may not be enacted due to poten t i a l  v i o l a ti o n  of the PSD c l a s s i fi cati on/non
atta i nment status of  a g i ven reg i on , u n l ess offsets a re purcha sed for the  l atter .  Comp l i ance 
with a l l appl i cabl e federal , state , and l oca l  a i r  qua l i ty regu l at i ons  is req u i red before coa l 
combust ion  can oc cur . I ndustr i a l  fac i l i t i es wi l l  consume some of the i ncrementa l i n crea ses 
a l l owed under PSD regu l a t i ons , and may purchase some of the l es s  expen s i ve emi s s i o n  offsets .  
These acti ons  may prec l ude add i t i onal deve l o pment i n  certa i n  areas , o r  force other pol l uters to 
i nstal l more exten s i ve pol l u t i on a ba tement dev i ces on  proposed fac i l i t i e s  before s i t i ng i n  certa i n  
l ocat i on s .  These add i t i onal costs , for a ba temen t eq u i pme n t ,  i ncreased ma i n tenance and energy 
req u i rement s ,  and  sol i d  wa ste d i sposal  may have a soc i a l  and econom i c  i mpact on a reg i o n .  

5 . 2 . 5  Waste Col l ect ion  and D i sposal  

As f ly  ash  and bottom ash  a re s to red before ul t imate d i sposa l , some s l i g h t  i ncreases in  s u s 
pended part i c u l ates may b e  noted i n  t h e  i mmed i a te v i c i n i ty of t h e  storage area s . However , these 
i ncreases wi l l  be o n l y  s l i g ht l y  d i scern i bl e  and wi l l  not affect a i r  qual i ty i n  any demand reg i o n .  
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Tabl e 5 . 1 2b .  Present Atta i nment Status and Pred i c ted Ground-l evel Concentra t i on o f  S02 
i n  Those AQCRs Most  Affected by the Impl ementat ion of the FUA 

1 978 Atta i nment 1 985 1 990 

Demand Statusa 
Base Case Increment Base Case Increment 

AQCR Reg i  on TSP S02 ( )Jg/m3 ) ( )Jg/m 3 ) ( )Jg/m3 ) ( )Jg/m3 ) 
1 65 I V  Part Al l 25 0 . 30 45 2 . 25 

1 84 V I  Part Al l 5 0 . 75 5 2 . 25 

208 I V  Part Part 35 0 . 30 45 2 . 25 

1 I V  Al l Al l 1 5  0 . 0 1 1 5  1 .  75 

49 IV Part Al l 1 5  0 . 30 1 5  1 .  75 

96  V I I  Al l Al l 5 1 .  25  5 1 .  75 

99  V I I  Al l Al l 5 1 .  75 5 1 .  75 

1 7 1 I V  Al l Al l 25 1 .  75 45 1 .  75 

1 85 V I  Al l Al l 5 1 .  25 5 1 .  7 5  

1 86 V I  Part No 1 5  0 . 75 5 1 .  7 5  

1 88 V I  Al l Al l 1 5  1 . 25  1 5  1 .  75 

2 IV  Al l Al l 25 0 . 05 1 5  1 . 25  

53 IV  Al l Al l 25 0 . 75 25  1 . 25 

54 IV Part Al l 25  0 . 05 25  1 . 25 

59 IV Al l Al l 1 5  0 . 05 1 5  1 . 25  

67 V No No 25  0 . 30 35 1 . 25  

94  V I I  No Al l 1 5  0 . 75 1 5  1 . 25  

95  V I I  Part Al l 5 0 . 75 5 1 . 25  

98  V I I  Al l Al l 1 5  0 . 75 5 1 . 25 

1 06 V I  Al l Al l 1 5  0 . 75 1 5  1 . 25  

1 37 V I I  Part Al l 1 5  0 . 75 1 5  1 . 25  

1 89 V I  Al l Al l 5 0 . 0 1 5 1 . 25  

1 97 I I I Part Part 45 0 . 30 55 1 . 25  

200 I V  Al l Al l 25 0 . 75 45 1 . 25 

202 IV Al l Al l 25 0 . 05 45 1 . 25 

203 IV  Al l Al l 25 0 . 75 45 1 . 25  

207 I I I , I V  Part Part 35 0 . 30 55 1 . 25  

2 1 4  V I  Part Al l 5 0 . 75 5 1 . 25 

21 6 V I  Part Al l 1 5  0 . 75 5 1 . 25  

aFrom Federal Regi ste r ,  Fr iday ,  March 3 ,  1 978 . Part I I ,  Envi ronmental Protec t i on Agency , 
Nati onal Amb i ent Ai r Qual i ty Standa rds , States Attai nment Status . 

Al l - i n  atta i nmen t .  
No - n o t  i n  attai nment .  
Part - pa rti a l l y  i n  attai nmen t .  
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5 . 3  EFFECTS O N  WEATHER AND CL IMAT IC PROCESSES 

5 . 3 . 1  Greenhouse Effect (Gl oba l  CO2 ) 

The combustion of coal resul ts i n  an i ncrease of atmospheric  CO2 and particul ate l oadings . 
Addi ti onal CO2 and/or particul ates are emi tted i nto the atmosphere during other phases of the 
coal cycl e :  m i n i ng ,  process i ng ,  transportation , storage , and waste di sposal . Combustion of 
fos s i l  fuel s ,  however , i s  not the sol e source of atmospheric CO2 , Biol og ic  processes strong ly 
affect CO2 concentrations , as  do  other atmospheric consti tuents and  the oceans .  The  predicted 
atmospheric CO2 concentrations often di sagree wi th actual measured val ues , for as yet unknown 
reasons . It has been observed that fl uctuations in the concentrati ons of natu ra l l y  occurring 
C02 vary wi th CO2 from fossi l fuel burn ing (Cherem i s i noff 1 977 ) .  However , reasonably good agree
ment on a gross scal e exi sts between observed atmospheric CO2 measurements and cal cul ated CO2 
emiss ions . 

Increases i n  CO2 and parti cu l ate emi ss i ons cou l d  affect the c l imate of the enti re earth ;  thereby 
affecti ng the human and biotic resources of the worl d ( Broecken 1 976 ) .  However , the range of 
uncertainty of the effects i s  so l arge that no defi n i t i ve concl us ions  can be drawn about the type 
or s i ze of impact that increased coal combustion wi l l  have . An i ncrease i n  atmospheric  CO2 con
centrations cou l d  serve to i ncrease the gl oba l  temperature or resu l t  in i ncreased g l oba l  c l oud i 
ness o r  both ,  or cou l d  have some other effect ( Robinson 1 968 ) .  No techn ique to accurately pre
dict the ramifications of increased C02 emi ss ions is presently ava i l abl e .  However , due to the 
l ong res i dence time of many years of CO2 in the atmosphere , it i s  unl i kely that the s l ightly 
accel erated rate of coal combustion due to the proposed acti on wi l l  affect the wea ther and cl i 
mate of any demand reg ion or of the nat ion a s  a who l e .  

5 . 3 . 2  Ac id Ra i n  

In  l i ght o f  the h i story of ac i d  ra infa l l  i n  the eastern Uni ted States during the past two to 
three decades ( Sec . 4 . 2 . 1 . 5 ) , it i s  probab le  that the ac i d i ty of prec i pi tati on and the area of 
the Un i ted States affected wi l l  i ncrease as a resu l t  of i ncreased coal use even wi thout the 
proposed action . A major effect of the proposed action may be to cause a l arge i ncrease (greater 
than 50 percent )  i n  combustion of coal i n  Demand Reg i on VI ( primari ly  south coasta l  Texas ) .  To 
the presen t ,  thi s area has had prec i pi tation of normal ( even neutral ) ac id ity ( F i g .  4 . 1 5 ) ;  acid 
prec ip itation has been cons i dered an eastern or northeastern Uni ted States envi ronmental probl em .  
The impacts of  ac id  prec ip itation are di scussed i n  Sections 4 . 1 . 1 . 3 , 5 . 4 . 4 . 1 ,  5 . 5 . 4 ,  and 5 . 6 . 4 . 2 .  

The convers i on o f  l arge numbers of natural gas and petrol eum burn ing fac i l i t ies  to coal under the 
proposed acti on can be expected to impose addit i onal burdens of atmospheri c sul fates in as yet 
unaffected reg i ons and in the al ready heavi ly  impacted northeast .  Estimation of  the env i ron
menta l changes assoc iated wi th these trends is a mul ti step process necess itati ng rel i ance on both 
theoretica l  and empirical  rel ationsh i ps between emi s s ions  and a i r  qual i ty ,  a i r  qual ity and pre
c ipi tati on chemi s try and env i ronmental response .  

To make these estimations a n  a i r  transport model ( She i h  1 977 ) was used to cal cul ate the pattern 
and magni tude of add i t i onal s u l fate burdens associated with the spatial  di stri but ion and source 
strengths of emi s s ions resul t i ng from the proposed acti on . The S04 addi t i ons  (mean annual 
concentration in �g/m3 ) rel at i ve to base-case scenarios for both 1 985 and 1 990 were descri bed . 
The resul ts shown i n  Tabl e 5 . 1 3  are a descri ption of the areal extent of changes i n  S04 concen
trations . These tabl es , formul a ted from maps produced by the model s imul ation s ,  emphas ize two 
concl us ions which may be made regardi ng the di str ibution of the added s u lfate :  ( 1 ) In most  of 
the area impacted ( 90 percent )  by 1 98 5 ,  rather smal l annual S04 i ncrements ( �  0 . 50 �g/m3 ) 
wi l l  occur.  Only 1 percent of the total area ( 7 1 2 , 250 sq km [275 , 000 sq mi ] )  impacted ( add i 
tions � 0 . 25 �g/m3 ) wi l l  have add it ions  � 0 . 75 �g/m3 . ( 2 )  Most of the area affected by 1 985 
( 80 percent) wi l l  be in those reg i ons  which  currently have rather l ow projected base-case con
centrati ons of S04 (� 3 �g/m3 ) .  Less than 1 percent of the area impacted wi l l  fal l i n  the base
case area with the h i ghest annual S04 concentrations ( 5-6  �g/m3 ) .  

By 1 990 the areal impact of S04 due to the proposed action wi l l  have i ncreased to 1 , 25 3 , 560 
sq km ( 484 ,000 sq mi ) ,  an i ncrement of 75  percent;  however , the same approximate d i stri bution 
trends noted previously woul d occur .  I n  1 985 most of the impact wou l d  occur i n  Demand Reg i ons V I  
and V I I .  By 1 990 , significant areas within Reg i on I V  woul d al so be impacted . 

Transl ation of these i ncreased sul fate l evel s to changes i n  the ac i d i ty of prec i p i tation requ ires 
that wel l -defi ned rel ationsh ips between su l fate l evel s i n  the atmosphere and in rai nwater be 
devel oped and that a known rel ationship  between rai nfal l sul fate and ra infal l pH exi st .  Al though 
some genera l i zed data of th is  type are now ava i l abl e ,  the reduced pH of ra i nfal l is rel ated to a 
compl ex array of anionic and cati on i c  spec ies from a vari ety of sources which  i nteract to affect 
prec i p i tation chemi stry .  
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Tabl e 5 . 1 3 . 1 985 and 1 990 Projected I ncremental Sul fate Concentrations  ( �g/m3/yr ) 

Proj ected 
Base-case Sul fate % of I nc rement ( sg m i  of area affected ) Concentrati ons Land Area 

( �gl.ni 3 )  Affected 0 . 25 �g 0 . 50 �g 0 . 7 5  �g 1 .  0 �g Total 

1 985 

. 5-6 <1 1 , 246 1 , 246 

4 -5 3 8 , 570  8 , 570 

3 -4 5 1 3 , 950 749 1 4 , 699 

2 -3 1 2  26 , 906 5 , 630 32 , 535 

1 -2 44 72 , 249 40 , 609 9 , 6 1 5 1 22 , 473 

< 0 . 9  3 5  53 , 935  2 9 , 3 1 2  1 1  , 02 1  1 ,876 96 , 1 44 

1 76 ,856 76 , 300 20 , 636 1 , 876 275 , 667 

64% 28% 7% 1 %  

1 990 

7 -8 < 1  697 597 1 99 1 ,493 

6-7 3 1 1 , 454 996 1 2 , 450 

5-6 3 1 1  , 205 1 , 494 498 1 3 , 1 97 

4-5 23 1 01 , 94 1  4 , 482 4 , 63 1  1 , 245 1 1 2 , 299 

3 -4 5 1 6 , 434 7 , 470 1 ,494 25 , 398 

2 -3 1 3  35 , 358 1 2 , 201  1 5 , 1 89 1 , 494 64 , 242 

1 -2 4 1  95 , 61 6 38, 595 47 , 31 0 1 4 , 940 1 96 ,461 

< 0 . 9  1 2  32 , 370 1 9 , 920 4 , 980 � 58 , 5 1 5 

305 , 07 5  84 ,858 74, 302 1 8 , 294 484 , 055 

63% 1 8% 1 5% 4% 

The staff has devel oped the rel at ions h i p  s hown i n  Tab l e  5 . 1 4 to ca l cu l ate the impact of an add i 
t ion  o f  1 . 0 �g/m3 o n  areas hav i ng a range of  base-case pH  1 eve 1 s . *  

These ca l cul ati ons based o n  the effects o f  aqueous S04 o n  sol ut ion  ac i d i ty actua l ly overestimate 
the extent of pH changes whi c h  can be der i ved from exi st i ng rel at ionsh i ps between average annual 
s u l fate and prec i p i tation  over the eastern U . S .  ( U . S .  Department of Energy , USEPA 1 978 ) .  Ca l cu
l ati ons based on  these rel ati ons h i ps i nd i cate a maximum pH  change of 0 . 5  pH  un its  in areas w ith  
a current pH range o f  5 . 0 -5 . 6  ( the most  sen s i t i ve areas to  pH change ) .  

The envi ronmental i mpacts o f  these c hanges woul d  be expected to be smal l .  W i th terrestr i a l  
systems , there have been no documented cases of  e i ther short- or l ong -term y i e l d  reductions  at  
ra i nfa l l pH  l evel s a bove 4 . 0 .  Wh i l e  in  most  of the  area s bei ng impacted prec i p i tation  currently 
i s  rel at ive ly  l ow in  s u l fate and i s  nearl y neutral in  ac i d i ty and wou l d  be rel ati vely sens i t i ve 
to pH c hanges , these c hanges ( a  maximum of  1 . 1 pH u n i t  occurr i ng over only 4 percent of the area 
affected ) wou l d  not be expected to cause s hort-term negati ve i mpacts . I n  fac t ,  many areas of 
the country ( i nc l ud i ng much of  the reg ion  recei v i ng the greatest su l fate as a res u l t of the 
proposed acti on ) are def i c i ent  i n  su l fur and some benef i c i a l  effect may occur ( Co l eman 1 966) . 
Long -term ;impacts v ia  so i l s  a s  wel l a s  adverse i mpacts on aquatic  systems wou l d  appear unl i kely 
due to the rel at ively  h i g h  bufferi ng capac i ty of the i ndi genous so i l s  and the rel a t i vely l ow 
u l t imate ac i d i ty attri butabl e to the proposed action . 

*Data co1 reeted from Oa k Ridge National Laboratory ' s  Wal ker Branch Watershed rel at ing atmospheri c 
S04 to S04 i n  rai nfa l l [corre l a ti on coeffi c ient = 0 . 7 7  ( �  . 05 ) ] . 
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Tab l e  5 . 1 4 .  Impact of an Annua l Increment of  
1 �g/m3 of  S0 4  on  the pH of Prec i p i tat ion 

Ba se-case pH 

5 . 6  

5 . 0  

4 . 6  

4 . 0  

pH Resu l t i ng from a n  I ncrement 
of 1 �g/m3 of S04 

4 . 5  

4 . 4  

4 . 3  

3 . 9  

I n  summary , a l though s l i ghtl y e l evated l evel s o f  atmospheric s u l fate wou l d  occ ur i n  ra ther l a rge 
areas as  a resu l t  of  the proposed action , the impact of these add i t i ons  on envi ronmental qual i ty 
wou l d  be expected to be s l i ght .  Most of the areas impacted have rather l ow l evel s of atmospher ic  
su l fate at  present and  the further i ncrements anti c i pated wou l d  not  be  suffi c i ent ly  l arge to 
cause measurabl e adverse i mpacts . L i ttl e i mpact wou l d  occur i n  other areas pa rt i c u l arly the 
northea s t ,  where ac i d i ty l eve l s may be approach i ng the l evel necessary for undes i rab l e env i ron
mental consequences . 

5 . 4  HYDROLOGY , WATER QUAL ITY , AND WATER USE 

On a reg i ona l (demand reg ion  or water resource reg i on ) bas i s ,  many of the env i ronmenta l effects 
of the proposed action are expected to be fel t as  sma l l i ncrements to the effects of coa l ut i l i 
zation  i n  general and to other envi ronmenta l d i s turbances ( other l and d i s turbances , wa ter pol l u
tion  sources , water devel opment projects , etc . ) .  The Commi ttee on Hea l th and Envi ronmental 
Effects of I ncreased Coa l Ut i l i zat ion (appoi nted by the Secretary of  Hea l th ,  Educati on , and 
Wel fare at  the request of  the Department of Energy ) reported that even on as l arge a sca l e  as 
the National Energy P l an ( of wh ich  the proposed action i s  a part ) , it i s  d i ff i cu l t to pred i c t  
d ifferences between the envi ronmental effects of the N E P  and the effects of a non-NEP future ; 
l imi tations  are imposed by ava i l ab l e  data and by the state of the art i n  envi ronmental fore
casti ng ( U . S .  Department of Hea l th ,  Education , and Wel fare 1 978) . 

The nature and magn i tude of envi ronmental impacts as soc iated with  coal extraction , benefi c i ation  
transportati on , storage , combust ion , and  waste d i s posal have been addressed prev i ous ly  for  the 
most part ( U . S .  Army Corps of Engi neers 1 974 ; Kash  et a l . 1 97 7 ;  Federal Energy Adm i n i s trat i on 
1 977d ; Habegger et a l . 1 97 7 ;  Dvora k et a l . 1 977 ) .  Because i t  i s  not poss i bl e  to proj ect on  a 
smal l geograph i c  sca l e  where the acti v i t i es neces s i tated by the proposed action wi l l  occur , 
impacts wi l l  be generi cal l y  treated , wi th an i nd i ca t i on of where a part i cu l ar  effect ( e . g . , acid 
dra i nage )  wou l d  be expected to be most seri ou s .  Reference wi l l  be made to more exhausti ve 
stud i es of such effects . 

5 . 4 . 1  M i n i ng and Mine  S i te Process i ng 

Proj ect ions of  the proposed action i nd i cate that coal ml n l ng wi l l  be accel erated to some degree 
in a l l  major reg ions currentl y m i ned . The proposed action i s  not expected to necess i tate the 
m i n i ng of reg ions  that wou l d  otherwi se be unexpl o i ted . On a nati onal ba s i s ,  the effect wi l l  be 
seen as an i ncrease of 7 percent by 1 985 and 1 0  percent by 1 990 over the base case (Tabl e 3 . 9 ) . 
Bearing  i n  m i nd the d i ffi cu l ty of  accurately pred i ct i ng the envi ronmental effects of smal l 
i ncrements i n  mi n i ng . and wi thout a knowl edge of  s i te-spec i fi c  l ocations  ( part icu l ar mine  open
i ng s  caused by the proposed action , watersheds affected , tonnages of coal mi ned , and acres of 
l and d i sturbed with i n  each watershed ) ,  it  is  expected that those envi ronmental impacts whi c h  
have been experi enced i n  the past a s  a resu l t of coal m i n i ng , and wh i ch wou l d  b e  experi enced i n  
the future even wi thout the proposed acti on , wi l l  be i ncrementa l l y exacerbated on  a regi onal  
scal e .  The most  seri ous potentia l  effects , but the l east poss i bl e  to pred i ct,  are expected to 
be fel t on a l ocal  scal e .  These wou l d  b e  more amenab l e to s i te-spec i f i c  ana l y s i s  and quanti f ication . 

On the basi s  of i nformat ion rece i ved to date , i t  has been poss i bl e  to determ i ne the di stri bution 
of i ncreased mi n i ng requi red by the proposed action only on  a suppl y reg i on  bas i s .  There are 
e i g ht of these reg ions , each consi sting  of one to s ix Bureau of Mi nes m i n i n g  d i str i cts (Appen-
dix B ) . As presented i n  Tab l e  3 . 9 ,  a compari son of the coa l - s h i ft product ion for each s upply 
reg ion for 1 985 and 1 990 to the base case production  from the same reg i ons shows a percent . 
i ncrease caused by the proposed action . Thi s  i ncrease i s  expected to range f�om 2 percent . l n  
Supp ly  Reg i on 4 to 36 percent i n  Supply Reg ion  5 i n  1 985 ,  and from 3 percent l n  Supply Reg l on 4 
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to 4 1  percent i n  Supply Reg ion 5 in 1 990 . The di stri buti on of production tonnage for the 
vari ous m i n i ng d i stricts within  each supply reg i on or the percent i ncrease i n  producti on for 
these d i stri cts i s  presently unknown . 

To fac i l i tate the d i st i nction between those reg i ons where the proposed acti on wou l d  cause a 
rel ati vel y l arge i ncrease i n  coal production and those reg ions where i t  wou l d  cause only a 
s l i g ht i ncrease , a 5 percent i ncrease over the base case i s  operational ly  chosen as a cutoff . 
Add i t i ona l ly ,  the absol ute magn i tude of coal production , i n  terms of tonnage,  i s  cons i dered . 
The percent i ncrease i n  production over the base case i s  taken as an i nd icator of potent ia l  
reg i onal impacts , whi l e  the absol ute magni tude of the  i ncreased production i s  taken as an  
i nd icator of  potential  s i te-spec i fic  impacts . 

The reg i onal i ncremental effects of m i n i ng assoc iated with the proposed action are expected to 
be i ns i gn if icant when the i ncrease i n  producti on i s  l ess than 5 percent. Neverthe less , l ocal i zed 
effects may be expected , particul arly when the abso l u te tonnage i s  l arge ; the rol e of regul ation 
by Federal and state agenc i es wi l l  be s i gn if icant i n  thi s regard . Thus , the production increase 
for Supply Reg i ons 1 and 4 ranges from 2 to 3 percent i n  1 985 and from 3 to 4 percent in 1 990 . 
For Supply Reg i on 2 only a 3 percent i ncrease i s  expected i n  1 985 .  In  these areas , the  impacts 
from m i n i ng neces s i tated by the proposed action woul d  be expected to be i ns i gn if icant on a 
reg i onal scal e (when superimposed over coal mi n i ng i n  genera l and other d i sturbances ) .  However , 
th i s  producti on represents about 26 and 1 2  percent of the tota l i ncrease i n  tonnage neces s i tated 
by the proposed act ion , or about 1 9  x 1 06 tons and 1 6  x 1 06 tons of coal mi ned , in 1 985  and 
1 990 , respect ivel y .  Therefore , the potentia l  for impacts of l ocal s i gnif icance exi sts ; these 
potential  impacts are d i scus sed in Secti ons 5 . 4 . 1 . 1 , 5 . 4 . 1 . 2 ,  and 5 . 4 . 1 . 3 . 

For the other supply reg ions , the m in ing necessi tated by the proposed action i s  expected to 
exceed a 5 percent i ncrease over base-case production .  I n  these s i tuati ons , the impacts of the 
m i n i ng are expected to achi eve potential  reg i onal s i g n i ficance , even though particular  impacts 
or spec i fic  exacerbations of i mpacts might not be di rectly attr ibutable  to the proposed act ion .  
For Supply Reg i ons 3 ,  5 ,  6 ,  7 ,  and 8 ,  the production i ncrea se ranges from 5 to  36  percent in  
1 985 . For Supply Reg i ons 2 ,  3 ,  5 ,  6 ,  7 ,  and  8 ,  the i ncrease ranges from 6 to 4 1  percent in  
1 990 . Furthermore , the i ncreased production for Suppl y Reg ions 5 and 6 represents about 60 and 
61 percent of tota l m i n i ng , requ ired by the proposed action , or about 43 x 1 06 tons and 80 x 1 06 
tons of coal mi ned , i n  1 985 and 1 990 respectivel y .  Thus , throug hout the coal resource reg ions 
of central and southern Appa lachia  and the Uni ted States west of the Miss i ss i ppi  Ri ver , the 
potential  exi sts for m i n i ng impacts of reg iona l s ignif icance , wi th particul ar emphas i s  on 
Supply Reg i ons 5 and 6 .  W i thout a more deta i l ed knowl edge of the l ocation of m i n i ng neces
s i tated by the proposed action ,  it is not poss i b l e  to project wi th any confi dence the rel ati ve 
magni tude of m i n i ng impacts throughout central and southern Appa lachia  and the western Uni ted 
States . The k i nds of impacts experi enced i n  the past ( the extent l a rgely to be determi ned by 
Federal and state agency regul ation ) and those potentia l ly expected as a resul t of the proposed 
act i on are descri bed i n  Sections 5 . 4 . 1 . 1 ,  5 , 4 . 1 . 2 ,  and 5 . 4 . 1 . 3 .  Those impacts of greatest 
potential  consequence in central and southern Appa l achia  and the West are expected to be the 
impacts of greatest potential  consequence as a resul t of the proposed action .  

5 . 4 . 1 . 1 Hydrol ogy 

Mi n i ng and m ine s i te process i ng have hi storical ly  affected both surface-water and groundwater 
hydrol ogy . The Nat ional Str ip  M ine Study provi des an overvi ew of hydrologic  effects of surface 
and underground m i n i ng of coal and other mi neral s ( U . S .  Army Corps of Eng i neers 1 974 ) . 

Coal m i n i ng has been observed to a l ter the vol ume and rate of surface-water runoff , which  i s  of 
course i nterrel ated wi th groundwater hydrol ogy ( U . S .  Army Corps of Engi neers 1 974 ) . Depend i ng 
on the particul ar s i te-specif ic  condi tions , dry-weather flow i n  sma l l streams may be decreased 
or i ncreased ( U . S .  Army Corps of Eng i neers 1 974 ; Mi near and Tschantz 1 976 ) . I ncreased dry
weather f low i n  western Kentucky has been attributed to storage i n  l ast-cut impoundments and 
overburden p i l es ( U .S . Army Corps of Eng i neers 1 974 ) , whi l e  the same effect,  noted in smal l 
watersheds of the New Ri ver bas i n  (Oh io  Water Resource Reg ion ) ,  resul ted from the gradua l 
rel ease of stored spo i l -bank seepage and bench impoundment (Mi near and Tschantz 1 976 ) . 

The exi st ing subsurface hydrologic  envi ronment can be affected by min ing and m ine s i te pro
cess i ng i n  numerous ways . Dependi ng on the geographic l ocation ,  the topography , the nature of 
the overburden , and the underly ing geol ogy, the f low reg ime can be adversely or benef i c i al ly 
al tered . 

In areas of l ast-cut impoundments , overburden p i l es ,  spo i l  banks , and benches , groundwater 
storage can occur.  The gradual rel ease of thi s stored water to a stream wou l d  al ter the st�eam ' s 
l ow-fl ow characteri stics i n  several ways . F i rst of al l ,  the d i scharge at l ow-fl ow frequencles 
wou l d  i ncrease in  amount ; secondl y ,  a g i ven l ow flow (groundwater contr ibution ) of a stream 
cou l d  be expected to be sustai ned for a l onger period of time . Spr ingfl ows wou l d  al so be 
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i ncreased and s u sta i ned .  Water s tored i n  the p i l e-and-bank ma te r i a l  wou l d  create l ocal h i gh
pressure mounds i n  the g roundwater body ' s  potent iometric s ur face ( the actual or potent ia l  water 
l evel w i t h i n  a wel l ) .  Depths to water wou l d  be correspond i ng l y  decreased , even caus ing  the 
water tab l e  to i ntersect the l a nd s urface ,  form i ng swamps . F l ow d i rections wou l d  be a l tered 
from those exi s t i ng pr ior  to m i n i ng and m i ne s i te proces s i ng , w i th poss i b l e  downg rad ient move
ment of g roundwater i n  d i rect ions  oppo s i te to prev ious  ones . Groundwater coul d ,  under these 
cond i t i ons , move l ocal l y  away from a nearby stream , contri bu t i ng to the fl ow at  another reach 
of the stream , enteri ng a d i fferent stream , or exi t i ng the bas i n  by underfl ow ent i re l y .  These 
storage effects wou l d  be more p ronounced i n  area s of  g radual s l ope underl a i n  by unconsol  idated 
rock materia l  or bedrock that i s  l ow i n  c l ay content ( i  . e . , more permeabl e ) , such as the Texas
Gu l f  Coast  reg i on where the mounded overburden i tsel f wou l d  be more permeab l e .  

I n  s teep-s l oped coal a reas of  eastern Kentucky , storm runoff was noti ceably affected i n , wa ter
sheds where at  l east  1 0  percent of the l a nd was d i stu rbed by contour str ipp i ng . Because s torm 
runoff i s  accel erated when vegeta t i on i s  l ac k i ng , rec l ama t i on i s  obv i ou s l y  an important deter
m i n i ng fac tor .  The reduced runoff-carry i ng capac i ty of s treams wi th h i g her sedimer.t l oads 
( Sec . 5 . 4 . 1 . 2 )  has i ncreased fl ood damages ( U . S .  Army Corps of Eng i neers 1 974 ) .  I ncreased f l ood 
peaks  as a resu l t  of coa l  m i n i ng have been seen as pa rt i c u l a r ly hazardous  i n  sou thern Appa l ach ia  
( Kash  et  a l . 1 97 7 ) . Eastern Kentucky has experi enced a f l ood ing hazard because  of waste embank
ments and overburden s l opes . On the  o ther hand , western Kentucky has experi enced reducti ons i n  
fl ood i ng that have been attri bu ted to s torage i n  l ast-cut impoundments and overburden pi l es 
( U . S . Army Corps of  Eng i neers 1 974 ) . 

Steep ly  s l oped a reas wi th l arge amounts of ra i n fal l ( > 1 000 m i l l ime ters per year [>39 i nches per 
yea r ] )  and conso l idated bedrock , such as Appal ach i a ,  are characte r i zed by fl ashy streams ( s treams 
wh i ch exh i b i t rap i d  and extreme fl ow responses to prec i p i tat ion events , as d i s t i n g u i s hed from 
streams where f l ow response to p rec i p i tati on events i s  moderated by i n te ract i on wi th g roundwater 
storage ) . M i n i n g  and m i ne s i te proces s i ng in th i s  more rugged topograp h i c  area cou l d  reduce 
recharge to the groundwa ter systems . The res i duum in s uch areas is t h i nner and typi ca l l y l ess 
permea bl e ,  be ing  wea thered from c l ayey sandstones and carbonaceous sha l e s .  The permeabi l i ty of 
the spo i l banks and overburden p i l es wou l d  be S i m i l ar ly  l ess than that of  areas underl a i n  by 
more permeab l e  bedrock ( s uch as unconso l i dated sands and s i l ts ) .  Ra i n fa l l  wou l d  run off the  
l ocal l y  s teepe r ,  re l at i ve ly  impe rmea b l e  s l opes .  The i nf i l tra t i on component of p rec i p i ta t i on 
woul d be decreased . Consequen t l y ,  fl ood pea k stages of smal l er tr i butaries  cou l d i ncrease . 
Addi t i onal l y ,  depths to groundwater wou l d  be depre ssed be l ow norma l l evel s .  The depres s i ons  i n  
the potent iometric  s urface ( the  actual o r  potent ia l  water l evel wi th i n  a we l l )  wou l d a l ter 
groundwater fl ow , dec reas i ng t he su stai ned l ow fl ows of  nearby s treams . Spri ng di scharges wou l d  
a l so decrease and cou l d cease fl ow ing  at  t imes when f l ow wou l d  ord inari l y  b e  expected .  

Groundwa ter  fl ow reg i mes cou l d  a l so be a l tered by  m ine  pumpage and/or subs idence . P umpage wou l d  
depress  the poten t i ometr ic  su rface , creati ng l ocal ly  h i Gher heads and i nduc i n0 o r  p i rati ng fl ow 
from adjacent areas , wh ich cou l d  pos s i b l y  depl ete nea rby we l l  f ie l ds and streams . Subs i dence i n  
underground m i n i ng areas cou l d  occu r ,  i nduc ing  i n te r i o r  dra i nage . Groundwater recharge wou l d  
i ncrease l ocal l y ,  wi th res u l tant pressure mounds and , aga i n ,  downg rad i en t  fl ow i n  p l aces where 
i t  may not  have e x i s ted prev ious l y .  M i n i ng i n  'he wes tern Un i ted State s has a l so exposed ground
water aqu i fe rs to the s urface ( Kash  et  a l . 1 97 7 ) . 

Su rface waters may be l ost  i f  the i r  f l ow i s  i n tercepted by i nduced fractures  o r  subs i dence 
( parti cu l ar ly  from underground m i n i ng ) , w i th resu l t i ng fl ow i n to the ni nes ( H i l l  and Bates 1 977 ) .  
Su rface waters may a l so be created i n  the mi n i ng process , not  on l y  by l ast-cut i mpoundments  
( Doyl e  1 97 6 )  but  a l so by  swamp i ng .  Swampy cond i t i on s  may be created by l a rge , area-str i p  mines  
and  sediment-bl oc ked channe l s in  fl a t ,  poorl y dra i ned l andscape ( U . S .  Army Corps of Eng ineers 
1 974 ) . Changes in natural dra i nage patterns caused by subs idence may a l so form swamps ( H i l l  and 
Ba tes 1 97 7 ) . The potent i a l  forma t i on of exten s i ve c l osed dra i nage bas ins  in the G i l l ette , 
Wyom ing , area has been desc ri bed a s  a re sul t of surface mi n i ng for coal ( Keefer and Hadl ey 
1 976 ) . 

In accordance wi th t he Surface M i n i ng  Contro l  and Rec l amat i on Act of 1 97 7 ,  hydro l og i c  effects of 
s urface and underground mi n i n g  a re to be  control l ed .  Features of the hydro l o g i c  system to be  
protected i nc l ude depth to g roundwate r ,  l ocat i on of surface-water dra i nage channel s ,  fl ow 
reg ime s ,  and groundwater recharge ca pac i ty ( Offi ce of  Surface Mi n i ng Rec l amati on and Enforcement 
1 977 ) . The extent to wh i c h  appropr i a te Federal and s tate regu l a t i ons  are appl ied and en forced 
wi l l  determi ne the extent to wh ich t he potent i a l  hyd ro l og i c  effects desc r i bed in thi s section 
are real i zed or  prevented .  

5 . 4 . 1 . 2  Water Qual  i ty E ffects 

Water qual i ty effects from coal m i n i ng and mine s i te p rocess i ng may be grouped broa\l ly  i n to ac id  
dra i nage , o ther d i ssol ved con st i tuents ( a l kal i ne  dra i nage , trace substances ) ,  and, in�reased sus
pended so l i ds l oads .  Severa l works con ta i n  a more thorough  di scus s i on o f  coal m i ni n g  and pro
ces s i ng effects on water qua l i ty ( U . S .  Army Corps of Eng i neers 1 974 ; H i l l  and Bates 1 97 7 ;  Dvorak 
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et a l . 1 97 7 ;  Marti n ,  undated ; Mi near and Tschantz 1 97 6 ) . Van  Hoo k ( 1 978 ) addresses the state of  
the  a rt with  respect to  mob i l i zation  of trace s ubstances from coa l m i n i ng and  proces s i ng .  

Ac id  dra i nage i s  a consequence of su l fur-bea r i ng mater i a l s wi thi n coa l o r  d i sturbed overbu rden . 
I n  area s of h i g h-su l fur coal , s uch  as i n  part of Appa l ach i a ,  pyr i te and marca s i te are the ma i n  
s u l f ide m i neral s .  During  the l eachi ng proce s s ,  t hese i ron d i s u l f i des undergo ox idat i on to a 
series  of hydrous i ron s u l fates . Ac id  m i ne  drai nage resu l ts when the i ron su l fates come i n  con
tact wi th wate r ,  generati ng l a rge amounts of i ron  and s u l fate . Determ i n i ng factors (as  wi th 
other water c hemi stry aspec ts ) i n c l ude con tact time of wa ter wi th the s u l f i de mi nera l s ;  hydro
l og i c ,  geol og i c ,  and  topog raph i c  features of the  mi ne and surround i ng terra i n ;  type of mine  
operation ; and  act i ve or  i nacti ve status  of the  m i n i ng ( U . S .  Army of Corps of Eng i neers 1 974 ) ,  
The amount of pyri te and marca s i te present i n  the coa l s and assoc i ated roc k  format ions  i s  not 
neces sar i l y  proporti onal to the potent i a l  acid generated . Several modes of i ron d i su l f i de are 
common ly  present in coal strata : ma rca s i te ,  primary frambo i da l  reactive pyr i te ,  primary euhedra l  
pyr i te ,  and secondary i nert pyr i te .  Assoc iated w i t h  ac i d  drai nage are el evated l evel s o f  trace 
substances , i nc l ud ing  heavy meta l s ( H i l l  and Bates 1 97 7 ;  Ca i rns et a l . 1 97 1 ) .  I n  general , 
abandoned underground mi nes have been t he pri mary source of ac id  dra i nage , a l t hough  surface 
m i n i ng and refuse ( gob  and s l u rry ) contri bute apprec i abl e q uanti t i e s  in certa i n  area s ( U . S .  Army 
Corps of Eng i neers 1 974 ; Mart i n ,  undated , 1 974b ; H i l l  and Bates 1 97 7 ;  M i nea r and Tsc hantz 1 97 6 ;  
Tomk iewicz  a n d  Dunson 1 97 7 ;  Dvorak et a l . 1 97 7 ) . 

The effects of  coal p roces s i ng are s im i l ar to those of m i n ing , a l though of l esser magn i tude . 
Ai r and water can eas i l y  enter refuse p i l es ,  wi th resul t i ng ac i d i ty .  Proces s i ng and refuse 
effl uents have been estimated to contri bute 7 . 5  percent of the ac id  dra i nage in Appa l ach ia  
( Dvora k et a l . 1 977 ) . The  a c i d  d rai nage from coal refuse has  been descri bed for  Eastern I nter ior 
and Appal ach ian  areas ( Mart i n ,  undated , 1 974a , 1 974b ) . 

Ac id  mine  drai nage has been characteri zed ( Ca i rns et a l . 1 97 1 ) a s  exh i b i ti ng the fo l l owi ng 
characteri st ics : 

pH 

Ac i d i ty 

Al ka l i n i ty 

Al kal i n i ty/ac i d i ty 

Fe 

S04 

Total suspended so l ids  (TSS )  

Tota l d i ssol ved so l i d s  ( TDS ) 

Tota 1 hardnes s  

<6 . 0  

> 3  mg/ L  

o mg/ L ,  norma l l y  

< 1 . 0  

>0 . 5  mg/L 

> 250 mg/ L  

>250 mg/L 

>500 mg/ L  

>250 mg/ L 

Water qual i ty measurements for ac id  m i ne and refuse eff l uents for a var i ety of coal ml n l ng areas 
are g i ven in Tab l e  5 . 1 5 . Streams in I nd i ana and I l l i no i s  have had pH l evel s reduced by 4 to 5 
un i ts , with  a change from net a l ka l i n i ty to net ac i d i ty (Marti n 1 974b ) .  

For compari son , sel ected water q ua l i ty c r i teria  for dr i n k i ng water , i rr i gation , l i vestoc k water
i ng , and protection  of aqua t i c  b i ota are presented in Tab l e  5 . 1 6 .  Th i s  tab l e ,  however , i s  
i ncomp l ete : standards and c r i teria  exi st for other parameters and other uses . Add i t iona l l y ,  
state standards and cri ter i a , i n  accordance w ith  the Federa l Water Pol l ut ion  Control Act ,  may be 
more stri ngent than those that have been federal l y  promu l gated . Neverthel ess , the tabu l ated 
cr iteria  prov ide  a u seful  bas i s  for compari so n .  Character i st i ca l l y ,  a c i d  dra i nage exceeds many 
of the s tandards and c r i te r i a  for dri n k i ng water , protection  of aquat ic  b i ota , and other u se s .  

The fu l l impact of ac id  dra i nage from new mi nes i s  not fel t  unti l after the i r  c l osure ( H i l l  and 
Bates 1 977 ) . The ac i d i ty probl em with sel f-dra i n i n g  underground mines , as wel l as wi th auger 
m i nes and refuse banks wi th h i g h  pyr i t i c  concentrations , conti nues  for an i ndef i n i te t ime ( U . S .  
Army Corps o f  Eng i neers 1 974 ) . Area and contour str i p  m i nes typ i ca l l y  produce more ear l y  
ac i d i ty than deep mi nes . However , total ac i d i ty i s  l ess , a c i d i ty i s  more control l ab l e ,  and some 
neutral i zat ion occurs during  the m i x i ng of strata ( U . S .  Army Corps of Eng i neers 1 974 ) .  The 
presence of cal careou s  soi l s  and formations  l im i ts the ac id  probl em i n  some areas ( U . S .  Army 
Corps of Engi neers 1 974 ) .  Neutra l i zation  of ac id i ty by a l ka l i ne earth compounds i n  m ine  spo i l s ,  
so i l s ,  and water bod i e s ;  by a bsorption  to c l ay s ;  and by reacti on wi th al kal i ne surface waters 
and g roundwaters i s  a factor ( Dvorak et a l . 1 977 ) .  However , when neutra l i zation  occurs from 
overburden a l ka l i n i ty ,  h i g h  s u l fate concentrati ons may sti l l  be a prob l em .  For exampl e ,  north
western Pennsyl van i a  coa l f i e l d s  capped by cal careous  g l ac i a l  dr ift generate neutral , a l though 
h ig h-su l fate , mi ne dra i nage . Even after treatment of a c i d i ty ,  h i g h  d i sso l ved sol i d s  and hard
ness may l im i t  domestic  and i ndustrial  u ses ( H i l l and Bates 1 977 ) .  Al so , after neutra l i zation , 
concentrations  of i ron , a l um i num , manganese , and z i n c  may sti l l  range from 1 to 1 0  ppm ,  i n  



Parameter 

Al 
As 
B 
Ba 
Cd 
Co 
Cr  
Cu 
Fe 
Hg 
Mn 
Ni 
Pb 
Se 
V 
Zn 

Tabl e 5 . 1 5 .  Representat ive Water Qua l i ty Measurements for Coal M ine  and Refuse Effl uents 
( a l l val ues except pH  expressed as  mg/ L  [ppm] ) 

Effl uent 

a b d e f g 

1 5-31 52 1 . 0 0 . 1 0  87 1 . 8 440 340 0 . 9-1 , 0 1 4  3 . 6-220 
0 . 01 
0 . 5  0 . 3  

< 0 . 006 
<0 . 001 0 . 02 

0 . 06 
0 . 05 <0 . 004 
0 . 02 0 . 09 0 . 01 0 . 02 0 . 1 4  0 . 1 6  0 . 04-D . 1 8  
93-300 1 56 . 7  3 . 0  0 . 50 30 6 . 2  3 ,400 2 ,600 50-1 3 , 500 0 . 1 -6 , 1 68 260-2 , 940 
0 . 0003 
4-6 1 1 .  1 2 . 0  0 . 1 0  50 3 . 5  72 1 20 0 . 1 -545 9-70 
0 . 20 0 . 1 5  1 . 7 3 . 0  1 . 6 0 . 3-1 . 7  

< 0 . 02 0 . 1 2  0 . 30 
< 0 . 001 

<0 . 02 
0 . 25 3 . 5  0 . 05 0 . 03 2 . 8  0 . 1  8 7 . 2  0 . 1 -2 . 8  0 . 2  

1 -20 

45-120 

3 . 4-25 
1 . 0 

0 . 1 -1 . 5  
SO, 61 0-3 ,040 3 , 000 1 ,400 3 ,000 690 7 ,800 9 , 500 1 ,200-28,600 75-40 , 500 3 ,800-1 0 ,054 31 0-3,300 
Ac idi ty (as CaCO ) )  470-640 690 7 ,020 6 , 500 640-2 5 , 700 0-34 ,300 1 50-6 , 940 1 1 -300 
Al kal i n i ty (as  CaCO ) )  0-1 7 1 35 0-1 70 0 0 
Hardness (as CaC0 3 )  303-480 
Total di ssol ved sol i ds 1 ,050-4 , 320 4 , 000 2 ,700 

(TDS) 
pH 2 . 8-5 . 0  3 . 0  6 . 9  2 . 5  2 . 4  2 . 1 -3 . 6  2 . 1 -7 . 5  2 . 9-4 . 9  3 . 1 -5 . 2  
Total suspended sol i ds 20 20 

(TSS) 
aTypical a c i d  m i ne drai nage . From Hi l l  and Bates ( 1 97 7 ) .  
bAc id  mine drai nage water. From Barnthouse et a l . ( 1 977 ) .  
cCompos i te Appal achian mi ne effluent ;  l ime-neutral i zed ; TSS , Fe, and Mn assumed adjusted to meet effluent l im i ta ti ons . From Dvorak et a 1 .  ( 1 977 ) .  
dComposi te northern Great P l a i ns mi ne effl uen t ;  untreated , except TSS assumed adjusted to meet effluent l imi tations . From Dvorak et a 1 .  ( 1 977 ) .  
eRefuse effl uen t ,  northeastern Pennsylvan i a .  From Martin ( 1 974a ) .  
fRefuse effl uen t ,  eastern Kentucky .  From Marti n  ( 1 974a ) .  
gRefuse eff l uent ,  western Kentucky. From Martin ( 1 974a ) .  
hRefuse eff l uent ,  southwestern Indiana. From Mart i n  ( 1 974a ) .  
i Refuse effl uent , southern I l l i no i s .  From Martin ( 1 974b) . 
jRefuse effl uen t ,  western Pennsylvan i a .  From Marti n  ( 1 974b) . 
kRefuse effluent , northern West V i rgi n i a .  From Marti n  ( 1 974b) . 
l Refuse effluen t ,  southern West V i rg i n i a .  From t1artin  ( 1 974b ) .  

Ul I (..oJ N 



5-33 

Tab l e  5 . 1 6 .  Sel ected Federal Water Qual i ty Cri teri a for Dri n k i ng Water , 
I rr i gat i o n ,  L i vestock Water i ng , and Protecti on of Aquati c B i ota 

( a l l val ues except pH expressed as mg/L  [ppm] ) 

Dri n k i n g  
Water 

Parameter Standard 

Al 

As 0 . 05d 

B 

Ba l d 

Cd O . Ol Od 

Co 

Cr 0 . 05d 

Cu / 
Fe 0 . 3f 

Hg 0 . 002d 

Mn 0 . 05f 

N i  

Pb  0 . 05d 

Se O . Ol d 

V 

Zn 5f 

SO" 250f 

Al kal i n i ty 

Tota l di ssol ved so l i ds 500f 

(TDS ) 

pH 6 . 5-8 . 5f 

Recorrmended 
I rri gation 

Water L im ita 

5 . 0  

0 . 1 0  

0 . 75 

0 . 01 0  

0 . 050 

0 . 1 0  

0 . 20 

5 . 0  

0 . 20 

0 . 20 

5 . 0  

0 . 020 

0 . 1 0  

2 . 0  

Recommended 
L i vestock 

Water L imi tb 

5 

0 . 2  

5 

0 . 050 

1 . 0 

1 . 0 

0 . 5  

0 . 01 0  

0 . 1  

0 . 05 

0 . 1  

25 

3000 

Aquat ic  B i ota 
Protec t i on 
L i mi t 

O . l c 

0 . 3c 

392c 

1 04c 

0 . 0004-0 .004 
( soft ) e 

0 . 001 2-0 . 0 1 20 
( hard) e 

6 . 25c 

O . l OOe 

0 . 0009g 

1 . 0e 

0 . 00005e 

0 . 35c 

0 . 0 1 5g 

0 . 003g 

0 . 02g 

4 . 8c 

0 . 0004g 

6 . 5-9 . 0e 

aFor waters u sed cont i n uously  on al l soi l . From U . S .  Env i ronmental Protecti on Agency ( 1 973 ) . 
bU . S .  Envi ronmental Protecti on Agency ( 1 973 ) . 
cLowest concentrati on l ethal to f i s h .  From Cushman et al . ( 1 977 ) .  
dFrom U . S .  Envi ronmental Protecti on Agency ( 1 975 ) .  
eFrom U . S .  Envi ronmental Protect i on Agency ( 1 97 6 ) . 
fFrom U . S .  Envi ronmental Protecti on Agency ( 1 977b ) . 
gAppl i cat ion factor recommended i n  reference e mul ti p l i ed by the l owest concentrati on reported 

as the 96-hr LC� o ,  the concentrati on l ethal to 50 percent of the test  organ i sms i n  96 hours , i n  
Cushman et a l . ( 1 977 ) . 
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di ssol ved or co l l o i da l  form , and i ron and a l umi num ,  when neutral i zed , fo rm f l occu l ant  prec i p i 
tates ( Dvora k e t  a l . 1 97 7 ) . The cover i ng of waste p i l es wi th nontox ic  so i l  materi a l s  has been 
effec t i ve i n  m i t i ga t i ng a c i d i ty p robl ems (Ma rt i n  1 974b ) . 

Groundwa ter qual i ty probl ems a ssoc i a ted w ith  m i n i ng and m i ne s i te p rocess i ng resu l t  primari l y  
from the l ea c h i n g  of  spoi l s  i n  s tr i pped a reas a nd of  materi a l  i n  underground mi nes . 

Ul t i matel y ,  the l oca l  degrada t i on o r  contami na t i on of g roundwa ter can  be a real l y  exten s i ve .  
Grou ndwater movement can  be q u i te rap i d ,  u p  t q  hundreds o f  meters per year .  Th i s  rap i d  g round
wa ter movement , a s soc i a ted with i n teraq u i fer f l ow , can spread g rou ndwa ter deg radat i on over a 
l a rge vol ume of aqu i fer mater i a l . Areas of ca l careous ma teri a l  i n ,  or const i tut i ng , bedroc k ,  
( g l ac i a l dri ft , l i mestone ) a re important . Groundwa ters i n  these s trata , wh i c h  have a p H  ( befo re 
m i n i ng )  g reater than 6 . 4 ,  can neutra l i ze m i nor amounts of ac i d i ty by the i r  a l ka l i n i ty .  Add i 
t iona l l y ,  i ron bac teri a  a re not supported i n  th i s  envi ronment , and the ac id  react i on i s  not 
cata l i zed . 

The a l kal i n i ty a nd pH of i n f i l trat i ng g rou ndwa ter can be contro l l ed ,  a t  l east  part i a l l y ,  duri ng 
rec l amat i on . Al ka l i ne c hem ica l  compounds or  cal careous roc k  materi a l  cou l d  be spread over spo i l  
ban k s  o r  bac kf i l l ed i n to m i ne a rea s .  An a l kal i ne front cou l d  thus  b e  formed that wou l d  move 
wi th i n fi l trati ng water , d i sp l ac i ng i ron bac teria before any g roundwa ter ac i d  probl ems cou l d  
occu r .  

The effec t  o f  s tream f l ow o n  d i l u t i on a nd a ss im i l at i on i s  important .  Reduct ion  i n  t he  dry
weather fl ow of  sma l l s treams ( Sec . 5 . 4 . 1 . 1 )  may exacerbate ac id  drai nage effects  ( U . S .  Army 
Corp s of Engi neers 1 974 ) .  I n  the New Ri ver ba s i n  ( Oh io  Water Resource Reg ion ) ,  i t  was found 
that when f l ow was l owes t ,  pH i n  a ffected streams a l so fel l ,  wi th  resu l t i ng destruc t ion of 
stream a l ka l i n i ty and severe pH o sc i l l at ions  ( M i near and Tschantz 1 976 ) .  Conversel y ,  in  some 
Appa l ac h i an a reas , the maj or production  of m i ne ac i d i ty i s  i n  wi n ter and spri ng , when h i g her  
fl ows ( and l ower temperature s )  l im i t  effects ( U . S .  Army Corps of Engi neers 1 974 ) .  

Ac id  m i ne drai nage and i ts effects have been descri bed for the M id-At l an t i c  Water Resource 
Reg ion ( abandoned deep m i nes a nd ,  secondari l y ,  s urface mi nes in the Del awa re ,  Potomac , and 
Susquehanna r i ver bas i n s )  and for the South Atl ant i c-Gu l f  Water Resource Reg ion  ( a bandoned str i p  
mi nes i n  t he  Tombi gbee-Bl ack  Warr ior  basi n ) .  The Oh io  Water Resource Reg i on i s  the most  affected 
reg i on , w ith  ac id  d ra i nage be i n g  a ser ious  p robl em i n  the Al l eg heny , Monongahel a ,  and Ohio  r i ver 
watersheds of  the upper bas i n ;  i n  the Green , Tradewate r ,  Sal i n e ,  and Wabash  watershed s of the 
l ower bas i n ;  and i n  cert a i n  sma l l tr i bu ta ry sys tems of the m iddl e bas i n .  The Tennessee Water 
Resource Reg i on , the Upper Mi s s i s s i pp i  Water Resource Reg ion  ( a rea stri ppi ng in the B i g  Muddy 
and Kas ka s k i a  r i ve r  bas i ns in I l l i no i s  and in the Des Mo i nes r iver  bas i n  i n  I owa ) ,  and the 
Mi ssouri  Water Resource Reg i on ( a rea stri ppi ng i n  tri butari es to the Char i to n ,  Osage , and 
Mi ssouri  r i vers i n  M i s souri ) have a l so experi enced ac id  m i ne drai nage ( U . S .  Army Corps of 
Eng i neers 1 974 ) . In the Appa l ach ian  a rea , where many s tream reaches a re a l most  constant l y  
ac id i c ,  t h e  ac id  drai nage p rob l em ( pr imari l y  from abandoned deep mi nes ) i s  the mos t  seri ous  i n  
the northern part , because of  the a bsence of ca l ca reous so i l s  ( U . S .  Army Corps of  Eng i neers 
1 974 ; Kash  et a l . 1 97 7 ) . In southern Appa l ac h i a , cal careous  formations  a re widespread , and ac i d  
mi ne probl ems a re more l ocal i zed ( U . S .  Army Corps of Eng i neers 1 974 ) . 

Area s tr i pp i ng i n  Montana , Wyom i ng , North Da kota , and South Da kota i s  not  a major  prob l em yet ,  
because o f  l ow prec i p i tat ion  rates , l ow s u l fur  content o f  coal , remoteness o f  streams , and state 
reg u l a t i ons  ( U . S .  Army Corps of  E ng i neers 1 974 ) . However ,  there a re exceptions  to these regi onal 
genera l i zat i ons . The northern Great Pl a i ns a re a potentia l  probl em a rea , i f  h i g h-pyri te coal i s  
m i ned ( Kash  et a l . 1 977 ) ;  i so l a ted cases o f  ac id  m i ne drai nage have been reported from Col o rado 
and Montana . 

I n  accordance wi th the Su rface M i n i ng Control and Recl amat i on Act of 1 97 7 ,  d i scharges from s ur
face  and u nderground m i n i ng operat ions  must have a pH of between 6 . 0  and 9 . 0  ( Office of Surface 
Mi n i ng Rec l amati on a nd Enforcement  1 97 7 ) . 

Al kal i ne d ra i nage i s  a p robl em i n  the western coal f i el ds ( Habegger et a l . 1 977 ) .  There , over
bu rden and depo s i ts between coal seams a re cha racteri zed by h i g h  concentrat ions  of sod i um ,  ca l 
c i um ,  magne s i um ,  C03 , HC0 3 , S04 ( from overburden s u l fa te rather than from pyr i te ox ida t i on a s  i n  
ac id  drai nage ) ,  and c h l or i n e .  The d i l u t i on potentia l  o f  many wes tern s treams i s  marg i na l , 
because of ephemeral or  reduced s ummer and wi n ter  fl ows ( Dvorak et a l . 1 977 ) .  

Reduc t i on of pH from ac i d  drai nage has been a ssoc i ated wi th  i ncreased concentrat ions  of  z i nc ,  
copper ,  manganese , ca l c i um ,  magne s i um ,  and a rsen i c  (Ca i rns e t  al . 1 97 1 ) .  Not on ly  i s  the so l u 
b i l i ty of many trace el ements  i ncreased at  a l ower pH , but  a l so the m i nera l s of coppe r ,  z i nc ,  
a l umi num , a nd manganese a re often a ssoci ated w ith  pyr i te ( H i l l and Bates 1 97 7 ) . E l evated l evel s 
of boron , i n  add i t ion  to many of the prev i ous ly  ment i oned el ements , have been found i n  coal 
refu se effl uents ( Ma rt i n ,  u ndated ) .  Meta l s and s u l fate concentrat i ons i n  refuse seeps are 
genera l l y  proport ional  to ac i d i ty l evel s ( Mart i n  1 974b ) .  
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I n  add i t i on to these e l ements , cadm i u m ,  c hrom i um ,  cobal t ,  i ron , n i c ke l , l ead , and sel en i um are 
cons i dered to be of  maj or  concern from coal  m i n i ng ( Dvora k et a l . 1 97 7 ) .  Coal mi n i ng al so 
typ i ca l l y  causes  TDS i ncreases ( Dvora k et a l . 1 97 7 ; Mi near and Tsc ha ntz 1 97 6 ) . Total d i sso l ved 
so l i ds concentrat i on s  i n  grou ndwater wou l d  i ncrea se as l eachate from spoi l s  and mi nes i nf i l trates 
area aqu i fers . Su bstances s uch  a s  i ron , manganese , a l umi num , z i n c , and S04 may be l ocal l y  q u i te 
i ncreased i n  concentrat i o n  ( Tabl e 5 . 1 5 ) .  I n  the western coal  f i e l d s , where q roundwa ters are 
c haracteri s t i ca l l y  a l ka l i ne and  sal i ne ,  l eac h i ng of sa l ts from spo i l s  coul d apprec i a b l y  degrade 
the groundwater qua l i ty of  the  aqu i fers . When h i g h  TDS l evel s are encountered , s u l fate ,  whi c h  
i s  tox i c  i n  s uffi c i ent concentrat i on , i s  often a con s t i tuent . Howeve r ,  c a l c i um ,  magne s i um ,  a nd 
HC0 3 pro v i de much of the total sa l i n i ty ,  and tox i c i ty to aquat i c  b i ota i s  co n s i dered to resu l t 
more from osmo t i c  stress than from part i c u l a r  tox i c  consti tuents ( Dvorak et a l . 1 97 7 ) .  

Water q ual i ty measurements for m i ne and refuse effl uents for a vari ety of coal m i n i ng areas are 
presented i n  Ta bl e 5 . 1 5 . Ely compari son w i t h  Ta bl e 5 . 1 6 , many of the concentrati ons i n  Ta bl e 5 . 1 5  
( a l umi num , cadmi um , coba l t ,  c hromi um ,  coppe r ,  i ro n , mercury , manganese , n i cke l , l ead , z i nc ,  TDS , 
S04 , a l kal i n i ty ,  and pH ) do not meet var i ous  water qua l i ty c r i t er i a .  

The reported adverse effects o f  coal  m i n i ng and  mi ne s i te proces s i n g  can b e  attri buted most ly  to 
un treated or i nadequate l y  treated effl uents or d i sc harge s .  But even the effl uent l i mi ta t i on s  
for coal m i n i ng a n d  a ssoc i ated acti v i t i e s  establ i s hed by the O f f i ce of  Surface M i n i ng Rec l ama
t i on and Enforcement  ( 1 9 7 7 )  wou l d  a l l ow i ron and manganese concentra t i ons  exceed ing  the cr i te r i a  
or  standards for dri n k i ng wa te r ,  i rr i gation  wate r ,  and aquat i c  b i ota protect ion . Thus , d i l u t i on 
by rece i v i n g  waters i s  ass umed . The aforementi oned e ffl uent l im i ta t i ons a l l ow max i mum total 
i ron and manganese concentrat i on s of 7 . 0  and  4 . 0  mg/ L ,  respec t i ve l y ;  averages of da i l y val ues 
for 30 consecut i ve d i scharge days sha l l not exceed 3 . 5  and  2 . 0  mg/ L ,  respect i ve l y .  Assuming a 
typi cal  m i ne effl uent fl ow of 1 60 L ( 2500 gpm) ( Dvora k et al . 1 97 7 ) , the fol l owing  fl ows (cfs ; 
1 cfs = 450 gpm = 28 L )  of d i sti l l ed water a re requ i re d  to d i l ute the maxi mum iron and manganese 
concentrat ions  to the  water qual i ty cri te r i a  for dri n k i n g  wa ter , i rr i gat ion wate r ,  and protec
t i on of  aqua t i c  b i ota . 

Dr in k i ng I rri gat ion Protec t i on of  
Const  i tuent Wate r Water  £:I��_i c Bjota -----"-- -----

I ron 1 25 2 . 2  33 

Manganese 440 1 06 58 

Where more than one m i ne d i scharge was entering a recel v l ng wate r ,  or where there were nonzero 
background l eve l s  of  i ron or manganese , the d i l u t i on req u i rement wou l d  be i ncreased . 

The  Nati onal S t r i p  M i ne St udy ( U . S .  Army Corps of Eng i neers 1 97 4 )  conta i n s  an overvi ew of the 
effects of  sedi menta t i on on aquat i c  resources .  The magni tude of sedimen tation  i s  re l ated to the 
l and  a rea d i sturbe d , but sed imentat i on a l so res u l ts from coa l proces s i n g  runoff and sp i l l s  ( U . S .  
Army Corps o f  Eng i nee rs 1 974 ; Dvora k e t  a l . 1 977 ) .  Sedi mentat ion from coal  m i n i n g  and mine  s i te 
process i ng i s  most serious  where s teep terra i n  i s  preva l en t  and where prec i p i ta t i on i s  abundant 
and i nten se ( U . S .  Arn� Corps of  Engi neers 1 974 ; Kash  et al . 1 9 7 7 ) . Mounta inous  areas  wi th 
l i tt le  s pace for ade quate retent ion ponds pose a major p robl em ( Dvora k e t  al . 1 97 7 ) . I n  a reas  
of  l evel and rol l i ng  topography , area stri pp ing and open -pi t m i n i ng present l esser sedimentati on 
hazards , but prob l ems neverthe l ess resu l t from s tream-edge mi n i n g  ( U . S .  Army Corps of Eng i neers 
1 974)  . 

Southern App a l a c h i a  i s  con s i dered the  area of most severe actual  and poten t i al sedi menta t i on 
prob l ems , w i th s teep s l opes and  abundant  and intense  pre c i p i tat ion ( U . S .  Army Corps of Eng i neers 
1 974 ; Ka sh  e t  a l . 1 97 7 ) . Summer rai n s torms i n  t he Appa l ac h i an area cause i ntense , rap i d  runoff 
w i t h  e ro s i on ( U . S .  Army Corps of Eng i neers 1 974 ) . I n  eastern Ken tuc ky ,  thousand-fol d i ncreases 
in sed i ment y i e l ds have been mea sured for contour s tr i p  areas compared wi th undi sturbed forests  
( U . S .  Army Corps  o f  Eng i neers 1 974 ) . I nd "i ca t i ve of the  d i ffuse nature of  the  sed i mentat ion 
prob l em ,  access and hau l  roads i n  that area accoun t for 1 0  percent of the tota l l and  d i sturbed 
by contour  and a uger m i n i ng ( U . S .  Army Corps of Eng i neers 1 97 4 ) . Runoff from s l urry pond over
fl ow and refuse p i l e  e ros i on a fter storms are a parti cu l ar prob l em in the mountainous  reg ions  of 
southern West V i rg i n i a  and eastern Ken tucky ( Mart i n  1 974b ) . Abandoned stri p m ines  i n  the 
Tomb i gbee--£l ac k Warr i or ba s i n  ( South At l an t i c-Gu l f  Water Re source Reg i on ) are the pr imary source 
of sed i ment  there ( U . S .  Army Corp s of Eng i neers 1 974 ) . 

I n  the m i ddl e bas i n  of t he O h i o  Water Resource Reg i on , contour  and auger mines , roads ,  and pro
ces s i ng p l ants contri bute sed iment to the Kanawha , Guyandotte , and B i g  Sandy r i ver s ubbas i n s , 
and contour and area stri p p i n g  are i mportant sources i n  the Musk i ngum s u bba s i n .  I n  the l ower 
bas i n  of t he O h i o  Water Resource Reg i on , sediment from coa l mi n i ng i s  a probl em in the u pper 
Kentuc ky and C umberl and , Green , Tradewater , Sa l i ne ,  and Wabash  r i ver subba s i n s  ( U . S .  Army Corps 
of  Eng i neers 1 974) . Wh i l e  not con s i dere d  a s  sevet'e a reg i ona l  pro bl em in the Tennessee Wate r 
Re source Reg i on ( U . S ,  Army Corps of Eng ineers 1 974 ) , sedimen tat i on from coal was h i ng has  caused 
major probl ems in the Guest R i ver  and Dump ' s  C ree k ,  tr i butari es  to the C l i n c h  Ri ver ( Ca i rns  
e t  a 1 .  1 97 1 ) .  
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I n  the M id-Atl ant i c  Water Resou rce Reg i o n ,  sed imenta t i on i s  most severe as a resu l t  of surface 
m i n i ng in the anthrac i te reg ion  ( U . S .  Army Corps of Eng i neers 1 974 ) .  Sed imentat ion  can a l so be 
s i gn i ficant in t he m idwest because of abundant ra i nfa l l and the dens i ty of m i n i ng in some areas 
( Kash  et a l . 1 977 ) .  Sed imentation in the Upper Mi s s i s s i pp i  Water Resou rce Reg ion is a probl em 
i n  the B i g  Muddy and Kas ka s k i a  r i ver bas i n s  i n  I l l i n o i s  and the Des Mo i nes Ri ver bas i n  i n  Iowa , 
a resu l t of area stripp i ng ( U . S .  Army Corps of Eng i neers 1 974 ) . S i m i l arly , h i g h  su spended 
sol ids  l evel s have been i denti f ied as a prob l em in some western coa l f i e l ds ( Habegger et a l . 
1 977 ) .  Sed imentat i on i n  t he nort hern Great Pl a i n s  and Roc ky Mounta i n s  resu l ts from short , h i g h 
i nten s i ty ,  l ocal prec i p i tat ion events ( Kash  e t  a l . 1 977 ) .  

In  accordance w i th  the Su rface M i n i ng Control and Rec l ama t i on Act of 1 977 , sed iment d i scharges 
from su rface and underground m i n i ng are to be control l ed ( Office of Su rface M i n i ng Rec l ama t i on 
and Enforcement 1 977 ) .  For most states , TSS l evel s i n  d i scharges are not to exceed 70 . 0  mg/L at  
any t ime , or  3 5 . 0  mg/L  as  an average for 30 consec u t i ve d i scharge days . The  correspond i ng 
va l ues for Ari zona , Co l orado , Montana , New Mex ico ,  North Da kota , Sou th Dakota , Uta h ,  and Wyom i ng 
are 45 and 30 mg/ L ,  respec t i vel y .  W i th respect to the southea stern Un i ted States , where the 
sed imenta t i on poten t i a l  i s  most  severe , one analys i s  i nd icates tha t these reg u l at ions  shou l d  
keep TSS l evel s i n  mi ned areas w i t h i n  t he expected range for nonmi ned area s ( Dav i s  e t  a l . 1 978 ) .  
Even the l a rge-storm exempt i ons  of the regu l a ti ons wou l d  resu l t i n  TSS l evel s comparabl e to 
l evel s in ba s i ns w i t h  other l and u ses . 

To summa rize , ac id  m i ne drai nage i s  con s i dered a potent ia l  probl em primar i l y  i n  northern Appa l ach ia  
( Supply  Reg i on 1 )  and i n  t he  Eastern I n ter ior  ( Supp l y  Reg ion 4 ) .  T he  severi ty of  trace meta l 
impacts on wate r qual i ty i s  l a rge l y  re l ated to the ac id  mine dra i nage probl em .  Sed imentat i on i s  
cons idered of  greatest hazard poten t i a l  in  southern Appa l ach ia  ( Supply Reg ion 3 ) , one of the 
areas where coa l product ion w i l l  be s i gn i f ican t ly  i ncreased as  a resu l t of the proposed act i on . 
Al kal i ne mine drai nage , w i t h  e l eva ted l evel s of di ssol ved sol ids and such con sti tuents as su l fate , 
i s  cons idered of g reatest haza rd potent ia l  in the western Un i ted S tates ( Demand Reg ions V I , V I I ,  
V I I I ,  and I X ) , where coal prod ucti on wi l l  a l so be s i gn i f icantly increased by the proposed act i on . 
These a re genera l i za t i on s ,  and t he occurrence of exceptions  i s  stres sed . 

As i n  the case w i t h  hydro l o g i c  effects ,  the extent to wh ich  the reg u l a t i ons  promul gated pursuant 
to the S urface M i n i ng  Contro l and Rec l amat i on Act of 1 977  are appl i ed and en forced w i l l  deter
mine the exten t to wh ich  effects  on wa ter qual i ty ( pH ,  sed imen t ,  trace substance s )  are con tro l l ed .  

5 . 4 . 1 . 3  Water U s e  Effects 

Effec ts of coal m i n i n g  and m i ne s i te proces s i ng on water use fa l l  i nto two major  categor ies : 
effects  on water avai l ab i l i ty ( m i n i ng w i thdrawal s and consumption , reduced stream fl ow , dewatered 
groundwa ter aqu i fers , etc . )  espec i a l l y  in the semi-ar id  Wes t ,  where there are confl icts  over water 
use , and effects  on  water qual i ty suff i c i ent to constra i n  use ( excess i ve ac i d i ty ,  trace substance 
contam i na ti o n ,  s uspended sed iments , hardness ,  etc . ) .  The effects  of coal m i n i ng on use of water 
resources are d i scussed in the Nati onal Str ip  M i ne S tudy ( U . S .  Army Corps of Eno i neers 1 974 ) .  

Various  e st imates e x i s t  for the water needs o f  coal m i n i ng , proces s i n g ,  and rec l amat ion . I t  has 
been est imated that m i n i n g  requ i res 1 5  to 5 7  L/metri c ton ( 4  to 1 5  ga l /ton ) ,  that coal m i n i ng 
wa ste d i sposal req u i res  an add i t i onal  30 L/metric  ton ( 8  ga l / ton ) ,  and that recl amat ion i rr i ga t i on 
in the sem iar id  West req u i res another 61 L/metric  ton ( 1 6  ga l / ton ) ( K i l patr ick  and Dav i s  1 976 ) .  
Wa te r  den�nd for recl amat i on i rr i ga t i on i n  the Powder R i ve r  Bas in  in  eastern Wyom ing , where 
about 8 hectare s ( ha )  ( 20 acre s )  of l and are affected per mi l l  ion ton s of surface-mined coal , 
has been est imated to be about 3 x 1 03 m 3/ha ( 1  acre- ft/acre ) rec l a imed l and , assumi ng  i rr i gation  
for one  year [eq u i va l e n t  to about  2 5  L ( 6 . 5 gal ) per  ton  of  coa l ( Tre l ease and  Burman 1 975 ) .  
The wa te r demand by m i n ing  ( i nc l ud i n g  i r r i gat ion ) has been descri bed as  nomina l , even in  ar id  
l and ( Ki l patrick  and  Dav i s  1 976 ) . However , the  46 x 1 06 m3/year total demand in  the  m id- 1 970s 
( Ki l pa tr ick  and Dav i s  1 97 6 )  cou l d  i ncrease s i gn i fi can t ly  i f  more rec l amat ion i rr i ga t i on i s  
requ i red .  If  water deve l opment projects are necess i tated by  the  increased water demand for 
i rr i gat i on , the repl acement of  fl owi ng  waters by sta t i c  one s wou l d a l so potent ia l l y  affect some 
u ses ( such a s  aqua t i c  hab i ta t  and recrea t i on ) .  

Compl i ca ti n g  the est ima t i on of t he i mpact of coa l mi n i ng wate r demand i s  the fact tha t  i n  the 
wes tern U n i ted S tates the coal beds themsel ves may be important groundwater aqu i fers ( Dvorak 
et a l . 1 97 7 ) . 

The i mportance of the l oss  of  surface waters , dewate r i n g  of  groundwater aqu i fers , l ower ing  of 
hydrau l i c heads , d i sappearance of  springs , etc . ( Se c .  5 . 4 . 1 . 1 )  w i l l  depend on the uses made of 
them ( for  water supp l i es ,  w i l d l i fe hab i ta t ,  etc . ) .  I n  northern Appa l ach i a ,  m i n i n g  has di sturbed 
important  l i mestone aqu i fers , and in southern Appa l ach i a , perched aqu i fe rs have been dewa tered ; 
i n  both area s ,  wel l s  have been damaged by b l a st i n g  ( Kash  et a l . 1 977 ) .  The l o s s  of sha l l ow 
groundwa te r suppl ies  as a resu l t  of  deep m i ne subs idence ( pr imari l y  i n  Demand Reg i ons  I I I ,  I V ,  
and V )  a l so affects the i r  benefi c i a l  use ( H i l l  and Bates 1 977 ) . Texas l i gn i te depos i ts are 
assoc i a ted w i th important groundwate r aqu i fers ( Kash  et a l . 1 9 77 ) .  In the western U n i ted States , 
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coal -bed g roundwater , even i f  not of d r i n k i ng-water qua l i ty ,  i s  u sed for l i vestock wa teri ng 
( Dvorak et a l . 1 977 ) .  I n  the northern Great P l a i n s , g roundwa ter i s  u sed heav i l y  for domes t i c  
and l i vestoc k water suppl i es ( Kash  et  a l . 1 977 ) . However , s ub i rr igat ion  o f  a l l u v i a l  val l ey 
fl oors i s  v i ta l  to agri cu l ture i n  some western states ( Kash  et a l . 1 97 7 ;  Carter et a l . 1 977 ) , 
and the d i sturbance of t he i r  groundwater systems i s  of part i c u l ar concern ( Carter et a l . 1 977 ) . 
Al though spri ngs are important to l i vestock  and wi l d l i fe ,  these popu l at i ons may benefi t  i f  some 
groundwater aqu i fers are exposed ( Kash  et a l . 1 97 7 ) .  Groundwater qua l i ty can at  l east  be 
reduced l ocal l y  by i nf l uent  l eachate s .  

Factors such a s  e l evated l evel s o f  s uspended sediment , d i s so l ved sol i d s , ac i d i ty ,  trace sub
s tances , etc . ,  may constra i n  water u ses that are dependent on water qua l i ty .  These u ses i nc l ude 
hab ita t  for b i o ta ,  d r i n k i ng water , l i vestoc k water i ng , i rr igati o n ,  pub l i c  water suppl i es ,  i ndus
tri a l  u ses , pol l utant d i l u t i on and ass im i l at ion , recreat i on and aesthet i c s , and nav i gat i on . 
I ncreased water treatment  costs may be i ncurred to meet qual i ty cri ter i a .  

Water u ses  for aquat ic  l i fe hab itat  a n d  for recreat ion  have been con s i dered the most constra i ned 
by coal m i n i ng ( U . S .  Army Corps of Eng i neers 1 974 ) .  Effects on  f i s h i ng and other aspects of 
aquati c  ecol ogy are cons i dered more ful l y  in Sec t ion  5 . 6 . 1 . 2 .  I n  add i t i on  to effects on f i s h i ng , 
impacts on recreati onal water use  have been of an aestheti c  nature ( v i ews of m i nes , was te p i l es ,  
and haul  roads ;  water col oration  from i ron ) , rel a ted to accel erated corro s i on of p i ers and o ther 
i nstream s tructures as a resu l t of ac i d  d ra i nage and to nav i gabi l i ty and anchorage l im i tations  
because of sed imenta t i on ( see Sec .  5 . 4 . 1 . 2 )  ( U . S .  Army Corps of Eng i neers 1 974 ) .  Commerc ia l  
nav i ga t i on has  a l so been affec ted - by ac i d i ty i n  t he  upper Oh io  bas i n  ( Monongahel a R i ver ) ,  
where boats , barges , dams , and l oc ks have been corroded ; and by sed i menta t i o n ,  wi th dredg i ng 
neces s i tated i n  the Sc huyl k i l l  (Mi d-At l ant i c Water Resource Reg ion ) and B i g  Sandy ( O h i o  Water 
Resource  Reg i on )  ri vers ( U . S .  Army Corps of Eng i neers 1 974 ) . 

Ac i d i ty affects the sel f-pu r i f i ca t i on and sewage-ass im i l at ion  capaci ty of s treams , wi th maj or 
imp l i ca t i ons  for downs tream domest i c  w ithdrawa l s  ( U . S .  Army Corps of Eng i neers 1 974 ) .  Water 
supp l i e s  are imperi l ed ,  parti c u l arly in areas such as southeas tern Oh i o ,  Pennsyl van i a ,  and 
northeas tern West V i rg i n i a  ( O h i o  Water Resource Reg i on ) ,  where a l terna t i ve s uppl i es are not 
ava i l ab l e .  S i g n i f i cant costs may be i nc urred due to corros i on as we l l  as  for water neutra l i za
t i on and soften i ng .  Where sma l l s treams are used , sedi ments and  turbi d i ty ,  espec i a l l y ,  c l og 
i ntake p i pes  and i ncrease treatment costs - a maj or prob l em i n  southern West V i rg i n i a ,  eastern 
Kentucky , Tennessee , and wes tern V i r g i n i a  ( O h i o  and Tennessee Water Resource Reg i ons ) ( U . S .  Army 
Corps of Eng i neers 1 974 ) . Where a l ka l i ne drai nage i s  a hazard ,  wa ter uses  may a l so be affected 
by changes i n  qua l i ty :  i ncreased d i sso l ved sol i d s  are consi dered a prob l em i n  Col orado , where 
we l l s  a nd spr i ng s  are u sed by l i vestock and wi l dl ife  ( Kash et a l . 1 977 ) .  

For those supp ly  reg i ons  where producti on wi l l  be s ig n if i cant ly  i n creased by the proposed action  
( 2 ,  3 ,  5 ,  6 ,  7 ,  and 8 ) , the g reate s t  potent ia l  effects on water use  are  expected . For the 
wes tern Un i ted States ( Supp ly  Reg ions  5, 6 ,  7 ,  and 8 ) , these poten t i al effects are rel ated to 
a l kal i ne mi ne drai nage (wi th h i g h  d i ssol ved sol i d s  l evel s and el evated l eve l s of such const i tu
ents as  s u l fate )  and to d i s turbance of  groundwater hydrol ogy and qual i ty .  For the central and 
southern Appal ach i an area , sed imenta t i on i s  of pr ime concern , a l though l ocal i zed occurrences of 
a c i d  m ine  dra i nage may affect water u s e .  

I n  accordance w ith  t h e  Surface Mi n i ng Control and Rec l amat i o n  Act o f  1 97 7 ,  effects o n  water use 
re su l t i ng from effects  on hydrol ogy ( Sec . 5 . 4 . 1 . 1 )  and water qual i ty ( Sec . 5 . 4 . 1 . 2 )  are to be 
control l ed .  Addi t iona l ly , where a l eg i t i ma te u se of groundwater or surface water is  affected by 
contami nat i o n ,  d im i n u t i on , or i nterruption because of the m i n i ng operation , the affected s upply 
i s to be repl aced by the m i n i ng permi t tee ( Offi ce of Surface M i n i ng Recl amat i on and Enforcement 
1 977 ) .  The extent  to wh ich  regu l at ions  i n  accordance wi th the act are appl i ed and enforced wi l l  
determ i ne the extent  to whi c h  water uses  are protected from the adverse potent i a l  effects of 
coal m i n i ng . 

5 . 4 . 2  Transportati on 

The exact mi x of transportat ion  modes and routes assoc iated wi th the proposed action  i s  not 
known ; u ncerta i n ty ar i ses f rom the l ocation  of p rodu c t i o n ,  the l ocation  of demand , and the 
transporta t i on mode u sed to move coal to the po i n t  of  demand . New transportat i on sys tems are 
deve l op i ng to hand l e  i ncreased coal traff i c ,  some of them controvers ia l  ( such  as the s l u rry 
p i pe l i ne ) , and i t  i s  not possi b l e  to def i ne the transportat i on m i x  assoc i a ted wi th the propo sed 
action , a l though est imates are made i n  Sect i on 5 . 2 .  Therefore ,  wha t fol l ows i s  a gener i c  
d i scuss ion  of t he  water q ua l i ty and  water use effects of t he  var ious  coa l  transporta t i on modes . 
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5 . 4 . 2 . 1  Water Qua l i ty Effects 

Many of the effects of coa l tra n s porta t i o n  on water q ua l i ty are common to a l l  the transporta t i on 
modes - ra i l roads , barges and  s h i ps , s l urry p i pe l i nes , con veyor bel ts , and  truc k s .  The env i ron
menta l effects of the vari ous  modes have been d i scussed ( Dvora k et a l . 1 977 ) .  E ro s i on and 
res u l t i n g  s i l ta t i on , turb i d i ty ,  and sed i menta t i on a re expec ted to be a s soc i a ted wi th ra i l roads , 
espec i a l l y  i n  the Appa l ach i an reg i on , due  to h i g h  p rec i p i ta t i on , and i n  the northeas tern 
mounta i ns , I'lhere ra i 1 road s are c l ose to s treams , and va l l eys are narTOW. Lesser p rob l em s  a re 
expec ted i n  the West ,  because of ar i d i ty and because  ra i l road l i nes can be p l anned to avo i d  
para l l e l i ng s treams , a l though sed i men tat ion a t  s tream c ro s s i ng s  wi l l  st i l l  b e  a prob l em .  Sed i 
menta t i on prob l ems a re a l so experi enced wi th barges ( the effects of dredg i n g  to ma i n ta i n  c hanne l s ;  
constructi on ; ban k  eros ion  i f  barge  traffic  i s  heavy i n  a narrow c hanne l ) ,  w i th  s l urry p i pe l i ne s  
( constru c t i on i mpacts are l i ke l y ,  a l though t h e  a r i d i ty and genera l l y  fl a t  terra i n  i n  t h e  western 
and m i dwestern s tates  wou l d  l i m i t  th�se i mpacts ) ,  and w i th truc ks  ( the effec ts of  road con struc
t i on and ma i n tenance , wi th eros i on a nd sedimenta t i on be i ng espec i a l ly  troub l esome in  mou nta i no u s  
ten'a i n  such  a s  Appa l ach i a )  ( Dvor'a k et a l . 1 977 ) .  S i mi l ar l y ,  sedi menta t i on i s  a hazard w i t h  
conveyor bel ts , wh i c h  a re seen a s  part i c u l ar ly  usefu l i n  rough  terra i n  (App . E . 2 . 4 . 4 ) .  

S p i l l s ,  l each i ng ,  a nd l ea kages o f  coal  and/or fue l s a re a l so seen a s  a prob l em common to a l l  
tra n s portat i on modes . The d era i l ment  of a u n i t  coal  tra i n  cou l d  res u l t i n  the sp i l l i ng of a bo u t  
1 0 , 000 tons of coa l ; s eepage from l oa d i n g  and  u n l oad i ng s toc kp i l es i s  a l so s e e n  a s  a probl em 
( Dvorak et a l . 1 977 ) . S l urry s p i l l s  are a potent i a l  prob l em w i t h  p i pei i nes , wh i l e s p i l l s  o f  
coa l a nd fuel s are pos s i b l e  from barges and tru c ks ( Dvora k et a l . 1 97 7 ) . S p i l l s  from barges a n d  
s h i ps ( w i th l oads  of u p  t o  62 , 500 tons ) wou l d  of course b e  mos t  l i ke ly  to affect wa ter qual i ty 
d i rectly becau s e  of p rox i m i ty ,  wherea s effects from the other modes wou l d  be more dependent on 
exact 1 ocat i on , topogra phy , so i 1 mob i l  i ty ,  etc . 

The i nf i l tra t i on of f l u i d s  ( i nc l ud i ng l ea c ha te ) from coal  and/or l i qu i d  fuel  sp i l l s  i s  a poten t i a l  
prob l em where g rou ndwa ter q ua l i ty i s  concerned . Depend i n g  on the type a nd amount  of l i q u i d  
s p i l l ed o r  l eachate genera ted , a s  wel l a s  the nature o f  the s o i l a n d  bedrock  present i n  a n  area , 
aqu i fer contami nat i on may or' may not occ u r .  T h e  groundwater q u a l i ty effects are , therefore , 
s i te spec i f i c ,  a l though  genera l i zati ons can  be made .  I n  areas typ i f ied  by a th i c k ,  c l ay - r i c h  
so i l , t h e  i nf i l tra t i on o f  contam'i nants s ho u l d  be , a t  mos t ,  m i n i ma l . Bes i des  adsorp t i on onto 
i nd i v i dua l c l ay part i c l es , the permeab i l i ty for transmi s s i on of f l u i d s  wou l d  be l ow .  Where 
overburden i s  th i n ,  con s i s t i ng of  part i c l es l arger than 1 25 m i crons ( f i ne sand ) , or  where j o i nted 
bedroc k  i s  exposed , perco l a t i on o f  contam i nants  wou l d  occur ra p i d l y .  Areas underl a i n  by carbonate 
bed rock wou l d  be espec i a l l y  p rone to aqu i fer degradat i on from sp i l l s ,  because of rap i d  g rou ndwa ter 
movement in the so l u t i on open i ng s  and j o i nts preva l en t  in these roc ks . 

Effects on water q u a l i ty from s p i l l s ,  l ea ka ges , a nd l eachates may be expected to i nc rease 
rou g h l y  proport i onate l y  with the i ncrea sed demand and  use  of coa l . On the other hand ,  i ncreases 
in cons truc b o n -re l a ted effects wi l l  be determi ned by the extent to wh i c h  add i t i ona l  l i nes , 
roads , s l urry p i pe l i l1es , etc . , a re requ i red ; th i s  extent  i s  undeterm i ned present l y .  S i m i l ar ly , 
the i m poundment of s treams and  the cons truct i on of l ocks  req u i red for barge traff i c  a l ter aqua t i c  
ha b i tats  a nd i nterfere wi th f i s h  m i grat i o n ,  b u t  the proposed a c t i on wou l d  aggravate th i s  prob l em 
o n l y  to the exten t that new i mpoundments and  l ocks  wou l d  be req u i red ( Sec . 5 . 6 . 2 . 2 ) ( Dvora k 
et a l . 1 97 7 ;  M i nc k l ey and  Deacon 1 968 ) .  

5 . 4 . 2 . 2  Water Use  Effects 

Al though pres umab l y  sma l l er i n  magn i tude , water use effects  a s  a res u l t of sed i menta t i on and 
water qual i ty detel' i orat i on I·r i l l  be s im i l a r  qua l  i ta t i ve l y  t.o corres pond i ng effec ts of mi n i ng and 
m i ne  s i te proces s i ng ( Sec . 5 . 4 . 1 . 3 ) ,  a nd s torage and on s i te proce s s i n g  ( Sec .  5 . 4 . 3 . 2 ) .  

A major  prob l em ,  un i que to the s l urry p i pe l i ne ,  i s  the consumpt i ve water requ i rement for the 
s l urry .  The po i nt o f  water' demand \'/Ou l d  frequentl y be i n  reg i on s  a l ready short of water 
( Sec . 4 . 3 . 1 ) ,  and d i ff i c u l t  l eg a l  and i nst i tut i ona l prob l ems must be overcome if th i s  techno l ogy 
i s  to be i mp l emented ( Ki l patr i c k  and Da v i s  1 97 6 ) . Typ i c a l  water req u i rements are expected to be 
about 1 cub i c meter of water per metr i c  ton of cca l ( 30 ft 3jto n )  ( Ki l patr i c k  and Dav i s  1 97 6 ) . 
Al though i t  cannot be s ta ted how the water wi l l  be p ro v i ded , confl i cts over wa ter r i g hts may be 
a n t i c i pa ted . I f  reg i ona l  consumpti on i s  i ncreased , drawdown of g roundwa ter a q u i fers a nd l ake 
l eve l s may resu l t  ( Dvora k et a l . 1 97 7 ) . 

Grou ndwater wou l d  be d i verted from some a reas because of l oca l depres s i o n  of the potent i omet r i c  
su rface by i ncreased p umpage . I n  Ila ter-s hort a rea s ,  groundwa ter' m i n i ng cou l d  occur ( d i scharge 
i s  greater than recharge to the sys tem ) . Areas  in wh i c h  groundwa ter is a l ready be i ng m i ned 
( such  as the H i g h  P l a i ns of  Texa s )  wou l d  be mos t  affected by an i n crea sed demand for s l u rry 
water.  I f  water deve l opmen t p roj ects are necess i tated by the s l urry p i pel  i ne wa ter demand , or 
by barge or  s h i p  tra n s porta t i on ,  repl acement of f l ow i n g  wa ters by stat i c  ones wou l d  a l so poten
t i a l l y a ffect  some u ses ( aqua t i c  hab i ta t ,  recrea t i on , etc . ) .  
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5 . 4 . 3  Storage and Ons i te Process i ng 

For storage and ons i te proces s i ng ,  a s  wel l a s  for combu stion  and waste co l l ection  and d i sposal 
( Secs . 5 . 4 . 4  and 5 . 4 . 5 ) , the potent ia l  sever i ty of  impacts on  aquati c resources may be re l a ted 
to both the percent i ncrease i n  reg i onal  coal consumpt i on from the proposed act i on and the 
absol u te mag n i tude of i ncreased coal u se .  The val ues for the percent i ncrease i n  coal consump
tion  and for the a bsol u te magn i tude of  the i ncreased coal u se req u i red by the proposed act i on 
are g i ven i n  Tab l e 5 . 1 7 .  When the percent i ncrease i n  coal consumpt ion  over the base case 
wi th i n  a demand reg i on i s  l es s  than 5 percent ,  the reg ional  effects of the proposed ac t ion  are 
expected to be i n s i gn i fi cant  ( Sec . 5 . 4 . 1 ) ,  a s  is the case for Demand Reg ions  I I I ,  V ,  V I I ,  and 
V I I I  in both 1 985 and 1 990 and for Demand Reg ion  I V  i n  1 985 . Together , the consumpt i on requ i red 
by the coal s h i ft i n  these Federal reg i ons  wi l l  account  for 23 and 1 0  percent of the total 
national  s h i ft tonnage i n  1 985 and 1 990 , respec t i v e l y .  Parti c u l ar ly  for Demand Reg i on I V  
( 1 0  percent of  the national  s h i ft tonnage i n  1 98 5 )  and Demand Reg ion  V ( 7  percent of the  1 985 
national  s h i ft tonnage ) ,  the percent i nc rease in  consumption  m i g ht be s l i g h t ,  but the absol ute 
tonnage is l arge enoug h so that l oca l i zed effec ts m i g ht be s i g n i f icant .  As d i scus sed in Sec t i on 
5 . 4 . 1 , the ro l e  of federa l a nd state regu l ation  i n  the prevent ion  of l ocal i zed impacts wi l l  be 
cri t i ca l . 

For Demand Reg i on s  I ,  I I ,  VI , I X ,  and X i n  1 985 and 1 990 , and for Demand Reg ion  I V  i n  1 990 , the 
percent  i n crea se i n  coal cons umpt ion necess i tated by the proposed action wi l l  be at l east  5 percen t .  
For Demand Reg ion  V I , the percent i ncrease a n d  the absol ute magn i tude are both l arge , wi th th i s  
reg i on hav i ng 6 3  and 6 6  percent o f  the national  s h i ft tonnage i n  1 985 and 1 990 , respec ti ve l y .  
Wh i l e  the percent i ncrea se i n  Demand Reg ion  I i s  l arge , the absol u te tonnage i s  sma l l - 2 percent 
of  both the 1 985 and 1 990 nati onal s h i ft tonnage . For Demand Reg i on I I  ( 8  and 1 2  percent i ncrease 
i n  1 985 and 1 99 0 ,  respecti ve l y )  and Demand Reg i on X ( 1 1  an d 1 7  percent i ncrease in 1 985 and 
1 990 , respecti vel y ) , the absol ute tonnage mag i n tude is a l so smal l - 2 percent for Demand Reg i on 
I I  and 1 percent for Reg i on X for both the 1 985 and 1 990 national  s h i ft tonnage . For Demand 
Reg i on I X ,  both the percent i ncrease (27 and 36 percent i n  1 985 and 1 990 , respecti ve l y )  and the 
absol ute tonnage (9 and 7 percent of  the national s h i ft tonnage in 1 985 and 1 990 , respecti ve l y )  
are S i gn i f i can t .  

The potenti a l  for reg i ona l l y s i g n i f icant i mpacts i s  expected to be rel ated to both the percent 
i ncrease in cons umption and to the absol ute magni tude of  con s umption . Where the percent i ncrease 
i s  at l east  5 percen t ,  the reg i onal impacts are con s i dered potent ia l l y  s i g n i f i cant ,  espec i a l l y  
when the a bsol u te magni tude i s  l arge ( Sec . 5 . 4 . 1 ) ,  as  i s  true for Demand Reg ions  I V ,  V I , and I X .  
When the percent  i ncrease i s  l arge but  the absol ute mag n i tude i s  smal l ( Demand Reg i ons  I ,  I I ,  
and X ) , and when the percent i ncrease i s  sma l l but  the abso l ute magn i tude i s  l arge ( Re g i on s  I V  
and V ) , the potentia l  impacts may b e  expected to b e  more l oca l i zed i n  nature . The poten t i a l  
impacts of s torage a n d  on s i te proces s i ng ( Secs . 5 . 4 . 3 . 1  a n d  5 . 4 . 3 . 2 ) , as  wel l as of combust ion 
( Sec . 5 . 4 . 4 ) and waste col l ection  and d i sposal ( Sec . 5 . 4 . 5 ) , a re addressed generi cal l y .  

5 . 4 . 3 . 1  Water Qua l i ty E ffects 

The effects of coa l storage are s imi l ar to those of m i ne s i te proce s s i ng and refuse ( gob  and 
s l urry ) d i sposa l , a l though  sma l l er i n  magn i tude ( D vorak et a l . 1 977 ) . Hater contact is con
trol l ed by s torage practi ces , and the coal p i l es genera l l y  conta i n  l ower l evel s of contami nants 
than do processing  wastes ( D vorak  et a l . 1 97 7 ) . Contaminat i on of s urface water and groundwater 
may resu l t from runoff and i nf i l tration  from coal p i l e  l eachates ; parameters of concern i nc l ude 
coal fi nes , hum i c  acids , l ow pH , ac i d i ty ,  s u l fate , and i ron and other trace el ements . These 
impacts are more pronounced in areas of heavy runoff . Add i ti ona l l y ,  coa l storage p i l es may be 
sprayed ( for  dust s uppre s s i on ) w i th a l kyl s ,  pheno l , ether ,  and ethyl ene ( Dvorak et al . 1 977 ) , 
wh i c h  may be tox i c  to aquati c b iota and may contami nate groundwater reservo i rs .  

Water qual i ty measurements for a vari ety o f  coal l eachates and coal pi l e  dra i nages are g i ven i n  
Tabl e 5 . 1 8 .  Characteri st ica l l y , these potent i a l  effl uents exceed many of the standards and 
cr iteri a for dri n k i ng water,  l i vestock water ,  i rr i gation  water ,  and protection  of aquat i c  b iota 
( Ta b l e  5 . 1 6 ) . Consequentl y ,  d i l ut ion  by rece i v i ng waters wou l d  be req u i red so that the f ina l  
concentrat ions  in  the envi ronment wou l d  not  be  i n  v i o l ation  of these cr iter i a .  Po i nt source 
d i scharges from i ndustr i a l  s i tes are s ubj ect to NPDES permi t procedures , wh i c h  requ i re that 
effl uents meet standards pr ior  to d i scharg e .  Po i nt  source effl uent standards for coal storage 
p i l es at  i ndustr i a l  s i tes may be promu l gated i n  accordance w ith  the Federa l Water Po l l u t i on 
Control Ac t a nd Amendments ( see Sec . 8 ) . 

5 . 4 . 3 . 2  Water Use Effects 

The primary potent ia l  water use  effect of storage and ons i te process i ng is constra i nts on  water 
use  as  a resu l t  of contam i na t i on of s urface wa ters and gro undwaters . Character i s t i ca l l y ,  coal 
pi l e  dra i nage exceeds promu l gated cr iteri a and standards for water-qual i ty-dependent uses  
( Sec . 5 . 4 . 3 . 1 ) .  Al though of  l es ser magni tude , the  coa l p i l e  runoff and i nf i l tration probl ems 



Ta b l e  5 . 1 7 .  Ca l cu l a t ed Ba se-Ca se Coa l Con s ump t i o n ,  Con s ump t i on Requ i red by Proposed Ac t i o n , a n d  Percent I nc rea se 
in  Consump t i on Cau s ed by Propo sed Act i o n  by Demand Reg i o n ,  1 985 and 1 990 

E s t i ma ted Percentage of Tota l 
1 985 I nc reased 1 990 I ncreased 

Dema nd 1 985 Ba s e  Case Coa l U s e ,  1 985 S h i ft ,  1 990 Base Case Coal U s e ,  1 990 S h i f t ,  
Reg i o n  

Nati o n a l  Con s ump t i o n ,  ( 1 06 ton s )  ( 1 06 ton s )  6 ( % )  ( 1 06 ton s )  ( 1 06 ton s )  6 ( % )  Ba se Ca se ( % )  

0 . 1 8  1 . 84 1 . 50 1  82 2 . 24 2 . 405 1 07 

I I  1 . 87 1 9 . 34 1 . 542 8 23 . 52 2 . 7 2 1  1 2  

I I I  1 7 . 43 1 80 . 23 1 . 958 2 1 9 . 1 5  3 . 629 2 

I V  2 1 . 2 1 2 1 9 . 35 7 . 51 2  3 266 . 7 2 1 4 . 1 4 1 5 

V 3 5 . 01 3 6 1 . 97 5 . 1 33 1 440 . 1 4  6. 409 Ul I 
V I  8 . 38 86 . 61 4 5 . 266 52 1 05 . 3 1 85 . 587 81 

..,. 0 

V I I  6 . 49 6 7 . 06 1 . 345 2 81 . 54 2 . 1 4 1 3 

V I  I I  6 . 7 1 69. 33 0 . 745 84 . 30 1 . 383 2 

I X  2 . 32 24 . 00 6 . 42 1  27 2 9 . 1 9  1 0 . 543 36 

X 0 . 42 4 . 37 0 . 493 1 1  5 . 3 1 0. 903 1 7  

1 03 4 .  a 7 1 . 9 1 6
a 

7 b 1 2 57 . a 1 29 . 862a 
l Ob 

a
Tota l . 

b
percent n a t i o n a l s h i ft .  



Tabl e 5 . 1 8 .  

Parameter 

A1 

As 

Sa 

Cd 

Co 

Cr 

Cu 

Fe 

Hg 

Mn 

N i  

Pb  

Se  

v 

Zn 

S04 

Ac i d i ty (as CaC0 3 ) 

Al kal i n i ty ( as CaC03 ) 

Hardness ( as CaC0 3 ) 

.5-41 

Representati ve Water Qual i ty Measurements for Coal Pi l e  
Leachate and Coal Pi l e  Drai nage 

( a l l val ues except pH  expressed as mg/L [ppm] ) 

a 

825- 1 , 200 

0-1 5 . 7  

1 . 6- 3 . 9  

0 . 4-2 . 0  

90- 1 80 

Effl uent 

b 

48-1 , 200 

0 . 02 -0 . 1  

0 . 002 

0 . 09-0 . 4  

0 . 02- 1 5 . 7  

<0 . 2-6 . 1  

0 . 06-93 , 000 

3 . 4-72 . 0  

0 . 2-2 . 8  

0 . 2  

<0 . 005-0 . 02 

<1  

c 

22 . 0-440 

0 . 005-0 . 6  

0 . 1  

< 0 . 001 -0 . 006 

<0 . 005-0 . 01 1  

0 . 01 - 1 . 4  

62- 1 , 800 

<0 . 0002-0 . 027 

0 . 88-1 1 0  

0 . 24-4 . 5  

<0 . 01 -0 . 023  

<0 . 001 -0 . 03 

1 .  0-1 6 

870-9 . 600 

270-7 , 1 00 

Total d i ssol ved sol i d s  (TDS ) 

0 . 006- 1 2 . 5  

l 30-2 0 , OOO 

1 0-27 , 800 

1 5-80 

1 30-1 , 850 

700-44 , 000 

2 . 8- 7 . 8  

20- 3 , 300 

0 . 006-26 . 0  

525-21 , 920 

8 . 84-21 , 700 

0-36 . 41 

l 30- 1 , 851  

720-44 , 050 

2 . 1 -6 . 6  

22-6 1 0  

600-980 

1 , 200- 1 6 , 000 

2 . 3- 3 . 1 

8-2 , 500 

pH 

Total suspended sol i ds (TSS ) 

d 

< 0 . 05 

< 0 . 05 

0 . 1 - 0 . 1 5  

0 . 65- 1 2  

<0. 05- 0 . 08 

<0. 1 

<2 

0 . 1 5- 0 . 2 3  

37 . 5- 1 24 

490- 1 . 720 

7 . 2-8 . 0  

aCoa1 p i l e  drai nag e ,  unspec i f i ed coal . From Federal Energy Admi n i stration ( 1 977d ) . Tab l e  I V-9 . 
bCoa1 p i l e  dra i nage , unspec i fi ed coal . From Davi s  and Boeg 1y  ( 1 978 ) , Tabl es 4 .  5 .  1 2 ,  1 3 . and 1 4 .  
cTVA pl ant coal p i l e  dra inage ,  unspec i fi ed coal . From Dav i s  and Boeg 1y  ( 1 978 ) . Tabl es 9 .  1 0 ,  

and 1 1 . 
dWestern coal l eachate ; wet aerobic  (pH  7 . 4 ) , i ntermed iate aerob ic  ( pH 7 . 2 ) ,  and anaerob ic  

( pH 8 . 0 )  cond i t i ons . From Davi s  and Boeg 1y  ( 1 978 ) , Tabl e 6 .  
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are seen as  s imi l ar to  the water q ua l i ty and use effects from m i ne  s i te proces s i ng d i scussed i n  
Sec t i ons 5 .4 . 1 . 2  and 5 . 4 . 1 . 3  ( Dvorak e t  a l . 1 977 ) .  The geograph i c  d i s tri bu t i on of  s torage and 
on s i te process i ng w i l l  a l so refl ect the d i stri bution  of  demand and u t i l i za t i on , rather than the 
d i stri but ion  of  mi n i n g  act i v i t i es to meet t he coal demand . 

5 . 4 . 4 Combus t i on 

Effects on aqua t i c  resou rces a s  a resu l t  of  the combus t i on of  i ncreased coal use  necess i tated by 
the proposed acti on wi l l  be l i m i ted i n  t h i s  d i sc u s s ion  to those stack emi s s ions  pecu l iar  to 
coal . Effects  common to the u se  of foss i l  fue l s ( therma l d i scharges , water consumption  for 
coo l i ng ,  entra i nment and i mp i ngement of  aquati c b i ota ) wi l l  not be addres sed . 

The i mpacts of trace e l ements  depo s i t ion  from combu s t i on ( Sec . 5 . 4 . 4 . 1 )  are expec ted to be of 
greatest potent i a l  reg i onal s i g ni f i cance in  Demand Reg ions  V I  and IX  and of  greatest potent ia l  
l oca l i zed s i gn i fi cance i n  Demand Reg i ons  I ,  I I ,  I V ,  V ,  a nd  X ( Sec . 5 . 4 . 3 ) . However , t he  overal l 
s i g n i fi cance of  trace e l ement enri chment from combust ion  may not be grea t ( Sec . 5 . 4 . 4 . 1 ) .  

The l a rge-sca l e  atmospheric  tran sport phenomenon of ac id  ra i n  ( Sec s .  5 . 3 . 4 . 2  and 5 . 4 . 4 . 1 )  pre
c l udes the appl i cat ion of the percent- i ncrea se  and the abso l ute-tonnage approac h ,  di scus sed i n  
Sec t i on 5 . 4 . 3 ,  to determ i ne the potenti a l  reg ional s i g n i fi cance of  i mpacts . O n  the bas i s  of 
expec ted a tmo spher ic  transport from stack emi ss i ons  of the i nc reased coal combus t i on , the a c i d  
ra i n  phenomenon i s  proj ected to be i ncreased more towards t h e  southwest  because  o f  i nputs from 
the Texas  Gu l f Coa st  area ( Sec . 5 . 3 . 4 . 2 ) .  Consequen t l y ,  in add i t ion  to the overa l l contri b ut ion 
to ac id  ra i n ,  the proposed act ion cou l d espec i a l l y  aggravate the potent ia l  freshwarer a c i d i f i ca
t ion  probl em h i g h l i g hted for  i gneous reg i ons  of North Ca ro l i na and  V i rg i n i a  ( Sec . 5 . 4 . 4 . 1 ) .  

5 . 4 . 4 . 1  Wa ter Qua l i ty Effects 

Effects on water qua l i ty from the combus t i on of coal neces s i tated by the proposed action wi l l  fal l 
i nto two major  categor ies : the effects of ac id  ra i n  ( Sec . 5 . 3 . 1 )  and the effec ts of trace substances 
in s tack  emi s s i ons . Dvorak et a l . ( 1 97 7 )  conta i ns a di scuss ion of  these effects on wa ter qual i ty .  

The most  d i rect effects of  a c i d  ra i n  o n  water qual i ty i nc l ude l owered pH  and reduced bufferi ng 
capac i ty ( Dvorak et a l . 1 97 7 ;  G l ass 1 97 7 ) . Lake ac i d i f i ca t i on i s  most  serious  i n  the Ad i rondack  
Mounta i n s  (where the i gneous and  metamorphi c  geo l o gy resu l ts i n  l ow TDS  and  l ow bufferi ng 
capac i ty ,  w i th domi nance by ca l c i um ,  magnes i um ,  S04 ,  and ch l ori ne ions ) and i n  New Eng l and 
( part i c u l ar ly  the Wh i te Mounta i ns o f  no rthern New Hampsh i re and western Ma i ne [gran i t i c  g eo l ogy ] ) 
( Dvorak et a l . 1 97 7 ) . Typ ica l  pH l evel s of  Ad i rondac k  l a kes ra nge from 4 . 5 to 5 . 5 , wi th 5 1  per-
cent of  2 1 7  i nves t i gated l a kes at a l t i tudes a bove 600 m ( 1 969 ft ) ha v i ng pH be l ow 5 . 0 .  ( Dvora k 
et a l . 1 977 ; G l ass  1 977 ) .  New Eng l and l a kes have had meas ured p H  of 3 . 0  to 4 . 0 ( Federa l Energy 
Admi n i stra t i on 1 977d ) . S i mi l a r effects  have been no ted in the La Cl oche Mountains  of south-
eastern Ontario  (many wi th pH bel ow 4 . 5 )  ( Dvora k et a l . 1 97 7 )  and i n  Scand i na v i a .  Other poten-
tial  prob l em areas are pre-Cambrian  i gneous reg i ons i n  the P i edmont and Appa l ach ia  of  North 
Carol i na and V i rg i n ia , as wel l as d i l u te headwa ter streams and a l p i ne l a kes of the Cascade 
Mounta i ns of Oregon and Was h i ng ton  ( Dvorak  et a l . 1 97 7 ) .  Aqu i fer deg rada t i on by ac id  ra i n  
rec harge wou l d  proba b l y  not b e  apprec iab ly  detec tabl e for hundreds of  years . 

I n d i rect effects  of ac id  ra i n  on wa ter q ua l i ty i nc l ude i ncreased trace el ement so l u b i l i zat ion  
and avai l a b i l i ty because  l owered pH strips  trace el ements from bond i ng s i tes on  orga n i c  and 
i norga n i c  compl ex i ng agents ( Dvora k et a l . 1 97 7 ) . Ac i d i f i ed l a kes  frequent l y  have el evated 
concentrat i ons  of a l uminum,  manganes e ,  z i nc , cadm i um ,  l ead , copper , and n i c kel both  from i nc reased 
depo s i t ion  and from reso l u b i l i zat ton from sed i ments ( G l a s s  1 977 ) .  The buffer i ng capac i ty of  
l a kes i s  destroyed by ac id  ra i n  i nputs , so t hat  new i nputs cause  pH to  drop sharp l y  ( G l a s s  
1 977 ) .  

D i spers ion  ca l c u l a t i ons  ( Sec . 5 . 2 )  i nd i ca te that a major area of s u l fur d iox ide a nd s u l fate 
depo s i t ion  resu l t i n g  from the proposed action  is the North Texas , Okl ahoma , M i ssouri , and 
Arkansas  area . Lakes i n  th i s  area tend to be h i g h  i n  tota l hardness wi th a l a rge bufferi ng 
capa c i ty ,  t h u s  med i a t i ng the impact of  ac id  prec i p i tat ion . The proposed act i on wi l l  have the 
effect of i ncrementa l l y add i ng to an ac id  prec i p i ta t i on prob l em in  the northeast and southern 
Un i ted States .  

I n  add i t i on to mobi l i za t i on from terrestrial  and sed iment sources , and i ncreased ava i l a b i l i ty 
due to ac id  ra i n ,  trace el ement i nputs  from effl uent emi ss i ons  and depo s i t ion may potent ia l l y  
affect water qua l i ty .  Severa l  trace el ements  have been ident i f i ed a s  o f  concern i n  aqua t i c  
env i ronments :  arsen i c ,  cadm i um ,  coba l t ,  mercury ,  copper, l ead , sel en i um ,  manganese , chromium , 
and t i n  ( Dvo rak  et a l . 1 97 7 ;  Van Hoo k 1 978) . I n  a conserva t i ve study of trace e l ement  depo s i tion  
i n  a hypothet ica l  c l osed l a ke ,  wi th 30  years of opera t i on of a 1 000-MW power p l a n t ,  on ly  mercury 
and z i nc wou l d  exceed cri teria  for the protec t i on of aqua t i c  b io ta ( Dvorak  et al . 1 977 ) .  Van 
Hoo k ( 1 978) conc l udes that trace el ement enr i c hment from coa l combus t i on atmospher i c  effl uents 
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is not a s i gn i f i cant hazard in surface aquat i c  sys tem s .  I n  add i t i on ,  t h e  amounts of 
meta l s  l eac h i ng i nto a groundwater reservo i r  from combust ion  wou l d  be i ns i g n i fi cant . 
m i nera l s i n  the overburden and  bedrock  woul d probab ly  ad sorb nearly a l l trace meta l s  
s t i tut ion  wou l d  a l so ta ke p l ace ) .  

5 . 4 . 4 . 2  Water Use Effects 

trace 
Cl ay 

( i on sub-

Any effects on water use from coal combust ion  effl uents a s  a resu l t  of the proposed action wou l d  
be expected to occur from deteriorat i on o f  water qua l i ty ,  most proba b ly  from a c i d i f i cat ion  and 
i ncreased trace e l ement l evel s .  Al though s im i l a r  qual i tat ive ly  to correspondi ng effects from 
other parts of the coal fuel cyc l e  ( Sec s .  5 . 4 . 1 . 3 , 5 . 4 . 2 . 2 ,  5 . 4 . 3 . 2 ,  and 5 . 4 . 5 . 2 ) , these effects , 
be i ng rel a ted to atmospher i c  depos i t ion , wou l d  be more di ffuse and hence l ess  i denti f i a bl e a s  
resul t i ng from part i cu l ar sources . 

5 . 4 . 5  Was te Col l ec t i on a n��osal 

The impac ts of waste co l l ection  a nd d i sposa l on water qual i ty a nd use are expected to be of 
greatest potent ia l  reg i ona l s i g n i f i cance in  Demand Reg ions  VI  a nd I X  and of grea test potent ia l  
l ocal i zed s i g n i f i cance i n  Demand Reg i ons I ,  I I ,  I V ,  V and  X ( Sec . 5 . 4 . 3 ) .  

5 . 4 . 5 . 1  Water Qual i ty Effects 

Potent i a l  effects on  water q ua l i ty from the wa ste col l ection  a nd d i sposa l assoc i ated w ith  the 
proposed action  are rel ated to trace contami nants , h i g h  pH l evel s ,  chemi cal  oxygen demand ,  and 
d i ssol ved and suspended sol i ds .  A more thorough di scuss i on of the env i ronmenta l effects of 
was te d i sposal from coal ut i l i zation  i s  conta i ned i n  E n v i ronmental  Protection Agency ( 1 97 7 a )  
whi l e  V a n  Hoo k ( 1 97 8 )  d i scusses  the state of the a rt wi th  respect to mobi l i zation  o f  trace 
e l ements from coal combust ion  wastes . 

Ash pond overf low ,  d i ke fa i l u re ,  ash-s l urry p i pel ine  rupture , and s i te ero s i on may resul t i n  the 
rel ease of h i g h  d i ssol ved and s uspended sol ids  l oads to recei v i ng wa ters ( Dvora k et a l . 1 97 7 ;  
Barnthouse et  a l . 1 977 ) .  For exampl e ,  the co l l apse of a f l y  a sh  ho l d i ng pond i n  1 967 re l ea sed 
about 500 x 1 0 3 m3 ( 1 30 x 1 06 g a l ) of h i g hl y  a l ka l i n e  effl uent to the Cl i nc h  R i ver i n  l ess  than 
one hour ; t h i s  rel ease represented a bout 40 percent of the r i ver f l ow at the time a nd adversely 
affected about 1 45 km ( 90 mi l of r i ver ( Ca i rns et a l . 1 97 1 ) .  Tabl e 5 . 1 9  conta i ns water qual i ty 
measurements for scrubber s l udge and pond overfl ows . 

Leachates from a s h  or s crubber s l udge ( Tabl e 5 . 1 9 )  may a l so have adverse effects on  wa ter qual i ty .  
Exper imental a s h  l eachate had excess i ve l evel s o f  boron , bar i um ,  c hrom i um ,  mercury ,  and  sel e n i um ,  
whi l e  exper imental scrubber s l udge l eachate had  exces s i ve boron , ba r i um ,  a nd  sel en i um l evel s 
( Dvorak et a l . 1 97 7 ) .  The extent to wh i c h  concentrations  of these a nd other e l ements wi l l  be 
attenuated depends on such  factors as so i l  type , depth of water tab l e ,  pond sea l i ng ,  d i l u t i on , 
and e l ement mobi l i ty ( Dvorak et a l . 1 97 7 ;  Bar nthouse et a l . 1 977 ) .  Leachate from a h i g hl y  
contami nated a naero b i c  l andfi l l  wa s n o t  renovated after passage through 1 2  m ( 40  ft ) or  more o f  
sandy l oam-sandy c l ay so i l  ( Barnthouse et a l . 1 97 7 ) .  Because overburden th i c knesses are often 
l ess  than 1 2  m (40 ft ) ,  and because overburden i s  often of l arger parti c l e  s i ze (genera l l y  more 
permea bl e ) ,  toxi c e l ements can  be expected to reach  the water tab l e  eas i ly .  The so i l  type , 
bedro c k ,  topography , a nd r a i nfal l a re s i te spec i f i c ;  therefore , groundwater impacts wi l l  have to 
be genera l i zed . Depend i ng pr imari l y  on the so i l  compos i t ion and percol ation  rates and on bedrock  
compos i t i on and transmi s s i v i ty ,  f ly  ash  and scrubber s l udge l eachates may rema i n  l ocal  i zed after 
i ntroduct ion  to the g roundwater system . S l ow perco l at ion  downward throug h ,  for i n stance , a 
c l ay-r i c h ,  parti a l ly  conf i n i ng bed wou l d  considerab ly  reduce the amount of contami nants i n  an 
underl y i ng  a q u i fer . On the other hand , contaminated g roundwater in ca rbonate rocks may move 
over l ong  d i stances through fracture s ,  j o i n ts ,  fau l t p l ane s ,  and other permeab l e zones 
( Ba rnthouse et a l . 1 977 ) .  Groundwater d i sc harge po i nts such  a s  we l l s ,  streambeds at g a i n i ng 
reaches , and spr i ng s  may be tens of k i l ometers away from the po i n t  at wh i c h  the l eachate entered 
the system ( Qu i n l an 1 97 6 ) . Thus , the t i me of tran s i t  through the system cou l d  be i n  terms of 
hours , or several days . 

The Commi ttee on Hea l th and Envi ronmental Effects of I ncreased Coa l Ut i l i zat ion  s i ng l ed out the 
i s sue of mobi l i zat ion  of trace e l ements from combustion  wastes and resu l ti ng entrance i nto food 
cha i n s  a s  be i ng of part i c u l ar  env i ronmental importance ( U . S .  Department  of  Hea l th ,  EduCa t i on , 
and  Wel fare 1 97 8 ) . The comm i ttee stressed the need for be tter data on the mobi l i zat ion  poten
t ia l  of the trace e l ements . A s im i l ar need was found for better u nderstand i ng of the tox i c i ty 
and mob i l i ty of vanadi u m  and thal l i um ,  so that the  hazard potent ia l  of these two e l ements cou l d  
be assessed ( Barnthouse e t  a l . 1 97 7 ) .  For some of the trace el ements ( arsen i c ,  cadmi um ,  coba l t ,  
copper , i ron , mol ybdenum,  n i c ke l , l ead , scand i um ,  sel en i um ,  u ran i um ,  and z i nc ) , di scharge i nto 
ash  settl i ng ponds exceeds 1 0  percent of the natural weatheri ng rate , wi th the rate for 
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Ta bl e 5 . 1 9 . Representat ive Wa ter Qual i ty Measurements for 
Coa l P i l e  Wa ste D i sposal Effl uents 

Al 

As 

Cd 

Cr 

Cu 

Fe 

Hg  

Mn  

N i  

Zn  

S04 

Parameter 

Aci d i ty ( a s  CaC03 ) 

Al ka l i n i ty (as CaC03 ) 

Hardness ( as CaC0 3 ) 

Total D i ssol ved so l ids 
(TDS ) 

pH 

Total s uspended so l i ds 
( TS S )  

(a l l  va l ues except pH expres sed as  mg/L [ppm] ) 

a 

0 . 02-5 1 3  

neg l i g i bl e-0 . 1 4  

0 . 005-0 . 06 

0 . 02-2 . 9  

0 . 0002-0. 002 

0 . 0002-0 . 1 0  

0 . 008-0 . 01 5  

0 . 00 1 -0 . 1 2  

1 00-300 

30-400 

200-750 

250-3 , 300 

25-1 00 

b 

1 . 4-9 . 8  

0 . 0 1 -0 . 05 

0 . 01 -0 . 03 

0 . 02 

0 . 1 

0 . 02 

0 . 001 5-0 . 0055 

0 . 05 

0 . 0 1 5  

0 . 01 -0 . 02 

0-344 

285-602 

68-296 

1 0 . 5-1 1 . 8 

4-8 

Effl uent 

c 

520 

5 

80 

696 

1 , 095 

6 . 7  

70 , 780 

aAsh pond overf l ow .  From Federa l Energy Adm i n i stration ( 1 977d ) ,  Tabl e I V- 9 .  

d 

377  

5 

32 

484 

750 

7 . 2  

5 

bS imul ated l eachate from s l udge f ixated with Dravo " Ca l c i l ox . "  From Federal Energy Adm i n i 
strat ion ( 1 977d ) ,  Tab l e  I V- 1 3 .  

cF i xed scru bber s l udge , a s  d i scharged to pond . From Federal Energy Admi n i s tration ( 1 97 7d ) , 
Tabl e I V- 1 2 .  

dFi xed scrubber s l udge pond overf l ow,  d i scharge to water source . From Federal Energy 
Admi n i s tration  ( 1 977d ) ,  Tabl e I V- 1 2 .  

mo l ybdenum , sel en i um ,  and u ran i um approximati ng the na tura l  weathering rate ( Van Hook 1 978 ) .  
Mercury ,  cadmi um,  and l ead a re a l so of concern because the ir  present l evel s of  i nta ke approach 
h uman hea l th l i mi ts ( Van Hook 1 978 ) .  Because of the i r  immob i l ity in so i l , z i rcon i um and 
t i tani um ( the l atter a bundant i n  some wes tern coa l s )  were j udged of  concern on ly  from pond l eaks  
or fa i l u re ( Barnthouse et a l . 1 97 7 ) . 

I n  add i t i on to the i r  trace e l ement concentrati ons , combustion waste effl uents are hazardou s 
bec�use of the i r  el evated pH l evel s  ( Tabl e 5 . 1 9 ) . The hydro l ys i s  of a l ka l i and a l ka l i ne earth 
meta l s  in ash settl i n g  bas i ns may ra i se the pH  to g reater than 1 1  ( Van Hook 1 978 ) .  The reaction  
of l ime in  a s h  wi th water to  produce ca l c i um hydroxide ra i sed the pH in  the f ly  ash  ho l d i ng pond 
l agoon at the steam p l ant menti oned previou s ly  to 1 2 . D-1 2 . 7  ( Ca i rns  et a l . 1 97 1 ) ;  the s l urry ' s  
al kal i n i ty was 90 percent hydrox ide and 1 0  percent carbonate . The di ssol ved oxygen i n  the 
recei v i ng water of the s p i l l  from that pond ( the  Cl i nch R i ver ) dropped as a resu l t  of decayi ng 
orga n i c  matter (Ca i rns et a l . 1 97 1 ) ;  cal c i um s u l fi te i n  scru bber s l udge, with i ts h i g h  oxygen 
demand , may have the same effec t ( Dvorak et a l . 1 97 7 ;  U . S .  Envi ronmenta l Protect i on Agency 
1 977a ) . 

As h  di sposal  impacts have been j udged of greatest potenti a l  for Demand Reg i ons  V I ,  V I I I ,  I X  and 
X - the warmwater ecosystems of  Reg i on VI and the smal l -stream , col d -water fi s her ies of Reg i on s  
V I I I  and I X  were empha s i zed .  Scrubber s l udge impacts were seen  as  potenti a l ly hazardous i n  the 
coastal estuaries and warmwater systems of Reg ion VI and in the h i gh-qua l i ty ,  co ld-water f i sh
eries  i n  the  northern pa rt of Reg i on I I I .  Coa l waste storage may be affected by  federal regu l a
t ion s  i n  accordance wi th the Resource Conservation and Recovery Act of 1 976  ( see Sec . 8 ) , i f  
coa l wastes a re c las s i fi ed a s  hazardous . 
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5 . 4 . 5 . 2  Water Use Effects 

Ash d i sposal typ i ca l l y  requ i res f rom 4 to 1 50 m 3 ( 1 000 to 40 , 000 g a l ) of water per ton of a sh  
( Federal Energy Adm i n i s trat i on 1 977d ) .  Howeve r ,  the greatest potent ia l  effects on water use are 
expected as a resu l t  of contami nation of recei v i ng waters ( surface and g round ) . T he di sso l ved 
and s uspended consti tuents of effl uents from coa l a sh  and scrubber s l udge may cause  s urface 
waters and g roundwaters to be i n  v i o l ation  of water standards and c r i ter i a  for dri n ki ng water , 
l i vestock  wateri ng ,  i rr igat i on , protection  of aquat ic  b iota ,  and other uses ( Sec . 5 . 4 . 5 . 1 ) .  

5 . 5 LAND USE  

Land use i mpacts resu l t i ng from the proposed l eg i s l at ion are pr imari l y  re l ated to  the  preemption 
of l and for mi n i ng act i v i t i es and for d i sposal of f ly  ash  and scrubber s l udge .  Lands affected 
by m i n i ng are pr imar i l y  i n  Supply Reg ions  3 ,  5 ,  6 ,  and 8 and are predom i nantly u sed as rangel and 
and cropl and . Pr ime farml and may be affected by m i n i ng i n  l ocal i zed parts of the western 
states and , more general l y ,  i n  t he m i dwest .  A maximum of 20 , 000 hectares ( 4 9 , 200 acre s )  of  
l and wi l l  be  d i s tu rbed by m i n i ng under the  proposed act ion  between 1 978 and  1 990 . Rec l amat ion  
of  much  of th i s  area i s  req u i red by l aw ,  but  probl ems a s soci a ted w i th water avai l ab i l i ty wi l l  be 
an envi ronmenta l  cons tra i n t  i n  s uccessful  recl amat i on . 

I n  the case of waste d i sposal , 63 to 70 percent of the waste w i l l be produced i n  Demand Reg i on V I ,  
mostly  a l ong the Texas Gu l f  Coast .  O n  a nati onw ide basi s ,  a max imum o f  1 0 , 300 hectares ( 2 5 , 500 
acres ) of l and wi l l  be needed for waste d i sposal between 1 978 and 1 990 , wi th 4330 hectares 
( 1 0 , 700 acre s )  be i ng i n  Demand Reg ion  V I .  Because much of the i ndustria l  area on the Texas 
Coast  i s  surrounded by un ique  farml ands , l and ava i l a b i l i ty for waste d i sposal wi l l  be l im i ted to 
areas to the west  and north at  some d i stance from the combust ion  source . 

Land use impacts assoc i a ted wi th transportati o n ,  coal storage and ons i te proces s i ng ,  and coal 
combust ion are bel i eved to be mi n i ma l . 

5 . 5 . 1  M i n i ng and Mi ne S i te Proces s i ng 

The impact of m i n i ng and m ine s i te process i ng resu l ti n g  from impl ementat ion of the FUA wi l l  vary 
reg i onal l y .  I n  1 985 and 1 990 ,  S uppl y Reg i on s  2 ,  5 ,  and 6 wi l l  pro v i de 7 2  and 7 5  percent of the 
coal produced under  the proposed acti on , respecti ve l y .  Approximate l y  one -ha l f  of the l and area 
that wi l l  be d i s turbed by s u rface m i n i n g  wi l l  occur i n  S upp ly  Reg ion  5 ( Tab l e 5 . 20 ) . Those 
reg ions  that have the mo st s i gn i f i cant sh i ft in produc t ion i n  rel ation  to the base case are 
Reg i on s  3 ,  5 ,  6 ,  and 8, wh i c h  account for about 72 percent of the total l and area di sturbed . 
Al though Reg i on 2 wi l l  pro v i de a s i g n i f i cant amount of the req u i red  coa l , the p roducti on resu l t
ing from the FUA i s  only a sma l l  proporti on ( 3-6  percent ) of the base-case production  in that 
regi on . Thus , the impact i s  rel ati vely m inor  on a reg i onal  bas i s .  

Approxi mate ly  80 percen t o f  the coa l produced a s  a res ul t o f  the proposed act i on wi l l  come from 
s urface mi nes . The l and areas g i ven i n  Tab l e  5 . 20 represent onl y those l ands that woul d be 
d i rectly d i s turbed by surface mi n i ng and do not refl ect the l and that wou l d be requi red  for 
b u i l d i ng s ,  hau l  roads , access roads , storage , coal c l ean i ng , s po i l  pi l es , etc . These add i t i onal 
l and u ses wou l d be cons i derabl e and cou l d  in some cases amount to as  much as twi ce the areas 
g i ven in Tab l e 5 . 20 . Est imates of s urface d i s turbance assoc iated w i th underground m i nes are not  
g i ven because l and areas s ubject to  s ubs i dence are d i ffi cu l t ,  if  not impos s i b l e ,  to  estimate on 
a reg i onal  bas i s .  

I f  the p l ants t hat u se coal under the proposed action have an assumed average l i fespan o f  40 
years , m i n i n g  d i sturbances wi l l  take p l ace from impl ementation  of the l eg i s l ation  in 1 978 unt i l  
2030 . Us i ng the annual  f i gures s hown i n  Tab l e  5 . 20 ,  and assum i ng that the p l ants convert to 
coal gradua l l y  over the per i od 1 978-2030 , i t  i s  estimated that the total l and area that wi l l  be 
d i sturbed by surface m i n i ng during  th i s  per i od is estimated to be approximate ly  1 33 , 000 hectares 
( 328 , 000 acres ) .  For the per i od up  to 1 990 , about 2 0 , 000 hectares (49 , 200 acres ) w i l l be d i s 
turbed . Land d i sturbed by m i n i ng and m i ne s i te proces s i ng wou l d  be su bj ect to rec l amation  under 
prov i s i ons  of the Surface Mi n i ng Control and Rec l amat i on Act of 1 977 ( Pu b .  L .  95-87 ) .  Thu s ,  i t  
i s  ass umed that the major i ty o f  the l and wou l d  be returned t o  a potent ia l  u se that wou l d  be 
equal to or better than the o r i g i na l  and that m i n i ng wou l d  be res tri cted on l ands where recl ama
tion potent ia l  i s  l ow .  The Act a l so conta i n s prov i s ions  ( see Sec . 5 . 2 . 2 )  to des i gnate areas 
unsu i tab l e for a l l or certa i n  types of coal mi n i ng and thus perm i ts state and federa l govern
ments to deal w ith confl icts  whi c h  may a r i se between coal m i n i ng and other l and uses . 

Current and h i stor ica l  l and u se i mpacts res� l t i ng from coal mi n i ng have been d i scussed i n  
Section  4 . 4  and Appendi x  G .  I n  1 97 7 ,  a tota l o f  672 , 1 48 hectares ( 1 , 66 0 , 908 acres ) was d i s 
turbed by coal  m i n i ng operations  t o  the extent that rec l amat ion was needed ( U . S . Depa rtment of 
Agr i cu l ture 1 977a ) . Mi n i ng and mi ne s i te process i ng i mpacts caused by the proposed action wi l l  
occur pr imari l y  i n  the western states ( Coal Supp l y  Reg ions 5 through  8 ) , a l though s i g n i f i cant 
impacts are a l so pred i c ted for the southern Appal ach ians  Supply Reg ion 3 ) . 



Supply  Reg i on 

2 

Total 
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Tab l e  5 . 20 .  Land Area D i stu rbed Annua l ly by Su rface M i n i ng 
as a Resu l t of  the Proposed Actiona 

1 985 , 
hectares (acres ) 

1 30 ( 3 22 )  

2 38 ( 589)  

5 1  ( 1 26 )  

1 48 ( 366 )  

944  ( 2333 ) 

209 ( 5 1 7 )  

2 0  ( 4 9 )  

1 45 ( 358 ) 

1 885 ( 4660 ) 

Percentage of  
Ba se Caseb 

3 . 2 

3 . 2  

8 . 4  

2 . 1  

36 . 3  

9 . 2  

5 . 3  

1 5 . 1  

7 . 5  

1 990 , 
hectares ( acres ) 

2 1 0  ( 5 1 8 )  

437 ( 1 081 ) 

99 ( 244 ) 

239 ( 59 1 ) 

1 625  ( 401 5 )  

41 4 ( 1 022 )  

33 ( 8 2 )  

2 6 2  ( 648 ) 

331 9 (8201 ) 

Percentage of 
Base Case 

5 . 8  

6 . 4  

1 9 . 4  

3 . 4  

41 . 7 

1 2 . 2  

5 . 8  

2 5 . 2  

1 2 . 4  

aArea s est i mated i n  th i s  tab l e  represent that amount o f  l a nd actua l l y  m i ned and therefore 
do not i nc l ude fi xed l and requ i rements . 

b 
Percentage of  base case " Area d i sturbed by the proposed action  x 1 00 .  Area d i s turbed by base case 

In the western reg ions , most  of the l and d i sturbed by m i n i ng act i v i t ies  is present ly  used as 
rangel and or for s upporti ng wi l d l i fe .  However, i n  Supply Reg i on 5 and i n  l oca l i zed pa rts o f  the 
other western reg i ons , prime farml ands  occur  that may be d i sturbed by m i n i n g .  Serious  impacts 
cou l d  Occur  by d i srupting prime farmi ands , espec ia l l y  in areas where they are not a bundant ,  
wh i c h  i s  the case  for  much  of  the western reg ion . M i n i ng that affects a l l uv i a l  val l eys , wh i c h  
are often i mportant for ra i s i ng hay for wi nter l i vestock feed , can destroy shal l ow water tab l e s  
and thus remove an  important  agricu l tura l resource i n  l ocal  areas of the we st ( SchumCl.n et  a l . 
1 97 6 ) . Al though l eg i s l at ion ( Pub .  L .  95-87 ) and prov i s i onal surface m i n i ng reg u l a t ions  ( U . S .  
Depa rtment o f  the I nterior 1 97 7 b )  req u i re rec l amat ion o f  such  area s ,  the feas i bi l i ty and energy 
cost of accompl i sh i ng th i s  goal are yet to be den�nstrated . 

I n  the southern Appa l achian  Mounta i ns of Tennessee,  Al a bama , and Georg i a ,  contour m i n i ng of the 
h i l l y  to mou nta i nous terra i n  wi l l  predomi nate.  Forest l ands wi l l  be most  affected by s uch  
operat ion s .  

5 . 5 . 2  rI-an�r.9.tta t i on 

Land use Iwpac ts assoc iated wi th transportation  of the coal produced under t h i s  l eg i s lat ion are 
expected to be l ocal i zed and i" i n i ma l . Ex i st i ng transportation  systems wi l l  have to be upgraded 
to hand l e  i ncrea3ed tY'"ffi c assoc iated wi th coa l movement;  however , in rnost  cases , such upgrad i n  .. 
wi l l  requ i re l i tt l e ,  i f  any . a cqu i s i t ion of  addHi ona l l an d .  Loca l impacts are expec ted to be 
assoc i a ted wi th cOI :struction of access roads and spur ra i l  l i nes to new or expanded m i ne opera
t jons  and shou l d  be eva l uated on a s i te-spec if' i c  bd � i s .  The pos� i b i l i ty of construction of 
s l u rry p i pe l  i nes  wou l d  requ i re an  unknown quan t i ty of l a nd for r i g hts-of-way . Spi l l  s from such  
p i pel i nes cou ld  have  a ser i olJ S  impact on l and s adjacent to  the  r i g hts-of-way . 

E. st i n:ates of the l e.na requi rements for ons i te coa l storage and wa ste handl i ng assoc iated wi th 
t he impl ementation  of  the proposed action  a re g i ven in Tab l e 5 . �: 1 . If the majo r i ty of p l ants 
assumed to be affected by the proposed action are us i ng coa l by 1 990 , a max imum f i xed i and 
requ i rement for ons  i te coa 1 storage and waste handl i ng of 1 934 hectares ( 4778 acres ) ; s pre
di cted . By 1 985 , approximate ly  56 percent of  th i s  l and area wi l l  be req u i red . Approx imatel y 
82 percent of the l and needed wi l l  be i n  Demand Reg ions I V  and V I .  
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Tabl e 5 . 21 . land Area Requi red Annua l l y  for Ons i te Coal Storage 
and Was te Handl i ng As a Resul t of the Proposed Actiona 

Demand 1 985 ,  1 990 , 
Reg i on hectares ( acre s )  hectares ( acres ) 

23-29 ( 57-72 ) b 37-47 ( 92-1 1 6 )  

I I  23-30 ( 58-74 ) 42-53 ( 1 04-1 30) 

I I I 30-38 ( 74-94 )  56-70 ( 1 38-1 74)  

I V  1 1 2- 1 41 (276-348 ) 21 1 -266 ( 521 -657 ) 

V 74-93 ( 1 83-231 ) 93-1 1 7  ( 229-288) 

V I  492-620 ( 1 21 5-1 532 ) 931 -1 1 74 ( 2300-2900) 

V I I  1 6-20 (40-50 )  26-32 ( 64-79 ) 

V I I I  9-1 1 ( 22-28) 1 7-21 (41 -52 ) 

I X  79-1 00 ( 1 96-247 ) 1 1 2- 1 41 ( 27 6-348) 

X 6-8 ( 1 5-20 ) 1 1 -1 4  ( 27-34) 

Total 864-1 091 ( 2 1 36-2696 ) 1 535-1 934 ( 3792-4778 ) 

aAreas cal cul ated us i ng l and requ irements g i ven i n  Dvora k  et al . ( 1 978 ) , 
Tab l e  4 .  

blower l im it  o f  range assumes converted major fuel -burn i ng i nstal l at i on 
( MFB I ) i s  equ i val ent to a 50-MWe coal burn i ng power pl ant , and the upper 
l i m i t  as sumes MFB I  i s  equ i val ent to a l OO-MWe power pl ant . 

Coal s torage i ncl udes l and for rai l  s i d i ng s , reserve s torag e ,  l i ve s torage ,  cru s hers , and surge 
b i n s , whi l e  was te handl i ng i nc l udes areas for ash  ponds and s l udge ponds . land areas estimated 
here wi l l  l i ke ly  a l ready exi st  for i ndustri es that have previous ly  u sed coa l . The major l and 
use i mpact resul t i ng from the proposed action wi l l  be on those i ndustr ies that do not have 
suffic i ent  l and ava i l a bl e  for these u ses and wi l l  thus be forced to acqu ire l and near the i r  
operation s .  The avai l ab i l i ty o f  l and i n  such areas i s  apt t o  b e  very l im ited ,  and expans ions  by 
i ndustries  are apt to p l ace i ncrea s i ng demands on agricul tural l a nds  surround ing urban  areas i f  
u s e  o f  o i l  o r  natural g a s  i s  pro h i b i ted ( see Sec . 1 0 . 4 ) .  Potential  impacts of dra i nage from 
coa l s torage and was te fac i l i ti es could  occur  on l ands adjacent to these operat ions  if proper 
control measures are not exerc i sed . 

5 . 5 . 4  Combust ion  

Combust ion of coal under the  proposed l eg i sl ation wi l l  be g rea test in  Demand Reg ion V I ,  particu
l arly  a l ong the Texas Gu l f  Coast .  No major c hanges in  l and use pattern are  expected a s  a resul t 
of th i s  ac t ion , a ss umi ng that a i r  qual i ty standards are ma i n ta i ned . The effects of combustion 
of coal on terrestrial  ecosystems i s  d i scussed i n  Sect ion 5 . 6 . 4 . 1 .  The add i t i onal i ncrement of 
atmospheric  emi s s i ons  added a s  a resu l t of the proposed action wi l l  contri bu te to a s l i g ht ,  but 
general , deterioration of p roduct i v i ty of  l ands surround ing i ndustr ia l  centers that convert to 
coal . Suc h deteri orat i on i s  i mposs i b l e  to mea sure on the s hort term , but i t  may take the form 
of l ong -term reduct i on i n  soi l ferti l i ty as a resul t of i ncreased ac i d i ty in waters percol at i ng 
through the soi l s . The s i gn i ficance of thi s potentia l  reduct i on of soi l  ferti l i ty i s  un known , 
but i s  assumed to be m it igat ive with cul tural management pract ices .  

5 . 5 . 5  Was te Col l ect i on and  Di sposal 

Sl udge and ash was tes res u l t ing from combust ion of coal produced under the FUA wi l l  req u i re 
cons i derabl e l and area for s hort-term s torage and l ong-term di sposal . Approximate ly  65 and 67 
percent of the coal wa ste produced under the l eg i sl ation wi l l  be g enerated i n  Demand Reg ion V I  
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i n  1 985  and 1 990 , respect i ve l y  ( Tab l e 5 . 22 ) . The g rea test impacts of  th i s  p rogram wi l l  p roba b l y  
occ� r a l ong t h e  Texa s Gu l f  Coas t  because  t h i s  a rea i s  t h e  mos t  hea v i l y  i ndustri a l i zed po rt i on o f  
Reg l O� V I .  � l sewhere i n  t h e  nat � on , �he i nc reases i n  c o a l  combu s t i on a n d  coa l wa ste p roduc t i o n  
as socl a ted wl th t h e  p roposed a c t l on w l l l  a d d  rel a t i ve ly  sma l l i ncremen ts t o  the amounts  of coa l 
and was te ant i c i pa ted under base-case cond i t ions . Impacts other than those i n  Reg ion  V I  are 
expected to be l oca l i zed a nd m i n i ma l . 

The l and �rea s . n eeded for d i sposa l of fly a s h  a nd scrubber s l udge produced a s  a resu l t  of the 
FUA a re g l ven l n  Ta b l e  5 . 22 .  In 1 99 0 ,  i t  i s  est ima ted that a maximum of 1 722 hectares ( 4255  
acres ) of . l and wi l l  be  needed for  wa ste d i sposa l . Over  the  period  1 978 to  1 990 ,  the  cumu l a t i ve 
l and req u l remen t  wou l d  be a p p roxima te l y  1 0 , 300 hec tares ( 2 5 , 500 a c res ) .  Assum ing  a 40-yea r l i fe 
s�an  for eac� MFB I that converts to coa l , a maximum of 6 9 , 000 hectares ( 1 7 0 , 000 acres ) of l and 
wl l l  be req u l red fo r wa s te d i s posa l between 1 978 and 2030 . Cooper ( 1 97 5 )  notes that l and a rea 
for was te d � s posa l  ?f f ly . a s h  and  scrubber s l udge can be s i g n i f i ca n t l y  reduced by recyc l i ng 
these . materl a l s .  L l g htwel g h t  conc rete for construc t i on , roadway pa vements , a i rport ru nways , and 
a var l ety of other u ses can  be made from these wa s tes . 

Ta b l e  5 . 22 .  Sol i d  Wa ste Produced and  Land Req u i red for D i sposa l a 

Ton s  o f  Wa ste Produced Land Requ i red for D i s po sa l , b , c  
Demand ( x l 06 ) _� _____ hectares ( acresl _ _ _ � __ Reg i on 1 985  1 990 1 985  1 990 

0 . 70 1 .  1 2  1 5 -23 ( 38- 5 7 )  25-37  ( 6 1 - 9 1  ) I I 0 . 7 1 1 .  2 6  1 6-23  ( 39-58 ) 28-4 1  ( 68 - 1 02 )  I I I  0 . 90 1 .  6 7  20-30 ( 4 9- 7 3 ) 36-55  ( 90- 1 3 6 )  I V  3 . 47 6 . 5 1 76- 1 1 4  ( 1 8 7-28 1  ) 1 42-2 1 4  ( 3 52-528 ) V 2 . 34 2 . 92 5 1 - 7 7  ( 1 27 - 1 90 )  64-96 ( 1 58-23 7 )  V I 1 9 . 28 3 5 . 1 7  422-633  ( 1 042- 1 563 ) 769- 1 1 54 ( 1 90 1 -285 1  ) V I I  0 . 50 0 . 80 1 1 - 1 7 ( 27 -4 1  ) 1 7 -26  ( 4 3-65 ) V I I I  0 . 1 7  0 . 32 4- 6  ( 9 - 1 4 )  7 - 1 1 ( 1 7 -26 ) IX  1 .  53  2 . 52 34-50  ( 83 - 1 24 )  55-83  ( 1 3 6 - 204 ) X 0 . 1 1  0 . 2 1  2-4  ( 6 - 9 )  4 - 7  ( 1 1 - 1 7 )  Tota 1 29 . 72 52 . 49 650-975  ( 1 606-24 1 0 )  1 1 48- 1 722 ( 2837-425 5 )  aSee Append i x  M for a ssump t i ons made i n  ca l cu l a t i ng so l i d wa s te .  bAs sumes depth o f  was te d i s posa l a rea i s  1 0  f t .  cLow l im i t  o f  range a ssumes wa ste den s i ty o f  2000 l b/m3 ; upper l i m i t  of range a s s umes wa ste den s i ty of 3000 l b/m 3 •  

The p r i nc i pa l  l and  u se i mpact a s soc i ated w i t h  d i sposa l o f  coa l wa s te i n  the Texa s Gu l f  Coa st  Reg ion  wi l l  be t he p reempt i on o f  l and . Much  of  the i ndustr i a l i zed portion  of the reg ion  i s  surrounded by a g r i c u l tural  l and that i s  i n tens i ve ly  ma naged for r ice produc t i on . R i ce l a nds i n  Texa s  a re cons i dered t o  b e  p r i me o r  u n i que  fa rm l ands under the defi n i t i on o f  the So i l  Conserva t i on Serv i ce ( U . S .  Depa rtment o f  Ag r i c u l ture 1 978 ) . U s i ng a l a rge a rea of s u c h  l ands for wa ste d i s posa l wou l d  create a ser ious  i mpact on the reg ion ' s  a g r i c u l ture . I n  add i t i on , rec l amat i o n  of  l andfi l l s  i n  these  a reas  to retu rn them to r ice p roduct ion  wou l d  be h i g h l y  u n l i ke ly  because  surface mod i fi ca t i on s  wou l d  restri ct  the  a b i l i ty of these l a nds to  be  f l ooded per iod ica l ly .  Fl ood i ng o f  fo rmer l andfi l l s  wou l d  a l so pose the danger' of poss i b l e  contam i na t i o n  from the tox i c  coal  wa s te s .  

Al ternati ves t o  d i spOS i n g  o f  coa l wa stes i n  c l ose prox i m i ty to the i ndustr ies  crea t i ng them woul d  be to tra nsport t hem fu rther to the wes t  or north , where l a nd use  i s  p redom i na n t l y  rangel and or forest .  Al though transporta t i o n  costs  wou l d  be h i g her , the poten t i a l  impacts on agr i cu l ture wou l d  be somewha t l es s .  I n  the dr ier  a reas adjacent to the Texa s Gu l f  Coa st , compe t i t ion  for water supp l i e s  i s  extreme l y  i nten s e .  Spec i a l  care wou l d  have  to be  u sed i n  conta i n i ng l andfi l l s  i n  t h i s  reg i o n  to a vo i d  contam i n a t i ng underground a q u i fers and  dama g i ng reg i ona l wa ter suppl i es .  Rec l amat i o n  of a reas u sed for d i sposa l of coa l wa stes may be succes sfu l i f  suff i c ient  
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so i l  cover is  p l aced over the wa s tes to i so l ate tox ic  mater i a l s from the  cover vegetat i o n .  Such 
area s when rec l a i med m i ght  be u sed for a w i de var iety of p urposes  i nc l ud i ng  ra nge l and s , forest
l ands , recreat i on devel opments , hous i ng ,  i ndustr i a l  purpos es , etc . Such  areas probab ly  cou l d  
not be returned to a g r i cu l tural cropl and use beca use  the potent i a l  for contami n a t i o n  o f  crops 
by coal  waste products i s  h i g h .  

D i sposal  o f  coal  combu st i on wastes w i l l  be reg u l a ted under prov i s i ons o f  the Re source Conserva
t i on and  Recovery Act of  1 97 6 .  Recent proposed g u i de l i nes and regu l a t i ons  for handl i ng of 
hazardous wastes ( U SEPA 1 978a ) cover the management and control of such wastes from the i r  genera
t i o n  to f i na l  d i sposa l . Identi f i cat i on of wastes a s  bei ng hazardous  i s  based on four character
i st i c s : ( 1 ) i g n i ta b i l i ty ,  ( 2 )  corro s i venes s ,  ( 3 )  reac t i v i ty ,  and ( 4 )  toxi c i ty .  T he proposed 
rul e s  l i st  methods of determ i n i ng these characteri s t i c s . Standards i nc l uded i n  the g u i de l i nes 
and reg u l at i ons  cover s i te l ocati on , des i g n ,  operat i ng method s , cont i ngency p l ans , personnel 
trai n i ng , and env i ronmental protec t i o n . A man i fest  system wo u l d  be establ i s hed to trac k hazard-
ous  wa stes from g enera t i o n  to f i na l  d i sposal . 

I n  se l ecti ng s i te s  for was te d i sposal , fac i l i t i es are pro h i b i ted from l ocat i ng i n  the fol l ow i ng 
types of areas un l ess  a demonstra t i on can be made that no i mpact w i l l  occur : ( 1 ) act i ve fau l t 
zones , ( 2 )  coastal  h i g h  hazard area s ,  ( 3 )  500 yea r f l oodpl a i n s ,  ( 4 )  I'letl ands , ( 5 )  a reas where 
the  presence of the faci l i ty wou l d  j eopard i ze the con t i nued ex i s tence of endang ered or threatened 
s pec i es or res u l t i n  the l o s s  of c r i t i ca l  ha b i ta t ,  and ( 6 )  areas i n  the recharge zone of a so l e  
source aqu i fer . Ac t i ve port i on s  of a fac i l  i ty a re to b e  separated from the p roperty boundary by 
a 60 m buffer zone . Landf i l l s  are to be des i g ned , constructed , and o perated to prevent or 
m i n i mi ze  d i sc harges f rom the s i te .  S i tes must ut i l i ze some comb i na t i o n  of so i l  l i ners , l eac hate 
col l ec t i o n , l eac hate remova l , and l eacha te detec t i o n  dependent upon  c l i mat i c cond i t i on s  and 
spec i f i c  s i te cond i t i o n s . Moni tor i ng of g roundwater hydra u l i ca l l y  down-g rad i ent from a faci l i ty 
i s  requ i red . Any d i scharges from the s i te must meet s tandards set by the Cl ean A i r  Act , the 
Federal Water Pol l ut i o n  Control  Act , a nd the Safe Dri n k i ng Water Act .  Transporta t i o n  of hazard
ous wa stes w i l l  be governed by Department of Transportat i on s h i p p i ng reg u l a t i on s . 

The proposed g u i de l i nes and reg u l at i ons on hazardous wastes s tate that a dec i s i on on the app l i 
cab i l i ty o f  mos t  treatment , storage , a nd d i s posal  standards for sel ected h i g h  vo l ume , rel ati vely  
l ow r i s k  wastes  ( i ncl u d i n g  m i n i ng and ut i l i ty wastes ) w i l l  be deferred unt i l mO\'e i nformati on 
i s  gathered o n  how best  to hand l e  these materi a l s .  Th i s prov i s i on i s  l i ke l y  to app ly  to mos t  
o f  the coal  was tes g enerated dur i ng the fi rs t  years of  t h e  FUA . Des i gna t i on of coal  wastes as 
hazardous materi a l s w i l l  p l ace s tr i ngent requ i rements on MFB I s  combu s t i n g  coal . However , th i s  
probl em i s  not u n i que t o  the FUA- affected faci l i t i es .  but  i s  a n  i s sue . 

5 . 6  I MPACTS U PON B IOT I C  SYSTEMS 

5 . 6 . 1  M i n i ng and M i ne S i te Proces s i ng 

5 . 6 . 1 . 1  Terrestri a l  

Underground Mi n i�_ 

An est imated 20 percent of the coal  req u i red as a resu l t of the proposed ac t i o n  w i l l  come f rom 
underground mi nes (Tabl e 3 . 9 ) , and an i ncrease of o n l y  about 3 to 5 percent above na t i onal  
basel i ne underground produc t i o n  i s  expec ted to occur .  In  Supply Reg i ons  3 ,  5 ,  and 8,  where 
underground m i ne p roduc t i o n  i s  l ow ,  i nc reases due to the pro posed act ion  form a l arger percentage 
of the base-case p roduc t i on . However , even i n  S upp ly  Reg i on 5 the a bso l ute prod u c t i o n  f rom 
underground mi  nes w i l l  be l ow .  T hu s ,  effec t s  from i ncreased underground m i  n i ng due to conver
s i o n  are expected to be sma l l rel a t i ve to base-case expecta t i on s .  

Because o f  the  compara t i v e l y  sma l l amount o f  underground m i n i ng that  i s  expec ted a s  a res u l t  of 
the proposed act i o n , few , i f  any ,  new underground mi nes are expected to open due to that act i on . 
Thu s , the construc t i on of new s urface fac i l i t i e s  to support underground mi n i ng wi l l  not be 
w i despread , and t herefore surface d i s turba nce s ho u l d be mi n i n ,a l . 

S urface d i sturbance due to the  cons truc t i o n  of road s , s hafts , and s upport fac i l i t i e s  d i srupts  
the so i l s  and vegetat i on over a sma l l area ( U . S .  Bureau of La�d  Manag ement 1 97 5 ;  Dvora k et a l . 
1 97 7 ) . These a rea.s are removed from use by wi l d l i f e .  f'los t  of t h e  l arger game Inamma l s  tend t.o 
avo i d such  s it es due to the  p r'esence of humans  and the no i se ge�er'a ted by opera t i 011 of the mi ne .  
D i srupt i o n  of s u r' face hydrol ogy by construc t i on o f  t � e  m i n i ng fac i l i t i e s  can  l ead to  degrad a t i on 
of r i par i an habi t&t be l ow the m i ne .  Was te p i l es not o n l y  req u i re s torage space that removes 
natural hab i tat from the a rea , but they a l so a l l ow ·for the l ea c h i n g  of materi a l s  i nto s u rround i ng 
so i l  s .  I n many areas of underground  m '\ ni ng , surface d i sturbance can accel erate eros i on by both 
w i nd and water . T h i s  l eads  to l oss  of so i l  in the area , ma k i ng reveg eta t i o n  d i f f i cu l t .  Ero s i on 
i s  part i cu l ar ly  a probl em i n  S u p p l y  Reg i on s  1 -3 ,  where mi n i ng occurs i n  areas of h i g h  topogra p h i c  
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rel i ef .  The l ong-term effec ts of the m i n i ng can be parti a l l y  m i t i gated upon abandonment of the 
mi ne . Proper removal of faci l i ti es and revegeta t i on he l ps to stab i l i ze the so i l s  and accel erates 
the recovery of hab i tat s u i tabl e for supporti ng the na t i ve fauna . 

A major probl em assoc i ated w i th the m i nes of Supply Reg ions 1 -4 i s  ac i d  m i ne dra inage ( U . S .  
Bureau o f  Land Management 1 97 5 ;  Dvora k e t  a l . 1 977 ; H i l l  and Bates 1 977 ) . Some terrestr ia l  
impac ts from ac id  ru noff m ight  be expec ted . Leachates from acid  m i nes or waste p i l es can 
ac i d i fy the so i l s  of adjacent hab i tats . I n  acid so i l s  the avai l ab i l i ty of some nutrients may be 
decreased whi l e  some heavy meta l s become more ava i l a b l e for uptake by the vegetat ion ( Brady 
1 974 ; Hi l l  and Bates 1 977 ) . Di srupti on of so i l  chem i stry may l ead to reduced p l ant produc tion  
or  a reduction  in  the act i v i ty of  so i l  mi croorgani sms . Most so i l s  in  the  area s of ac id  m i ne 
dra i nage do not have a great bufferi ng capac i ty and are thus s u scepti b l e  to ac id i f icat i on . 

The primary prob l em a ssoc i ated wi th u nderground m i nes i s  s ubs i dence ( U . S .  Burea u of Land Manage
ment 1 975 ; Dvorak et a l . 1 977 ; H i l l  and Bates 1 977 ) . Large trees can be adversely affected by 
the co l l apse of the so i l  su rface , part i c u l ar ly  i f  the vel oc i ty of earth movement i s  h i g h .  
Herbaceous  pl ants suffer l i tt l e  d i rect damage from col l apse o f  the ground because o f  thei r 
res i l i ence . A s ubs idence crater can form a catchment bas i n  for ru noff and cou l d  devel op i nto 
a swampy area , drown i ng the ori g i na l  vegetat ion .  Su rface h} jro l ogy can  a l so be d i srupted , 
affect i ng  ri parian hab itats . La rge an ima l s ,  i ncl udi ng man , l ocated immed i ately over the s ubs i 
dence cou l d  be seri ous ly  i nj u red a t  the t ime o f  col l apse . Smal l an ima l s i n  the so i l  proba b l y  
are ki l l ed by t h e  pressures exerted d u r i n g  movement of t h e  so i l . 

Impacts from s ubs idence are expec ted to be most  exten s i ve i n  the dec i duous forests , remnant 
pra i r ie , and agri c u l tural l and of  Supply  Reg ions  1 -4 ,  where most of the underg round m i n i ng 
occurs ( Ta b l e  3 . 9 ) . Measures for contro l  of the effects of  s ubs idence i ncl ude bac kfi l l i ng of 
the m i ne to prov ide s upport for the over burden and i nduc i ng s ubs idence under control l ed cond i 
t i ons . I t  i s  d i ff icu l t to est imate the amount  of l and that wi l l  be affected by s ubs idence 
beca use of  the vari ab l es i nvol ved . Scena rios  dep i c t i n g  the effects of the Nati onal Energy P l a n  
( NE P )  upon subs idence have ass umed that rates of s ubs idence are d i rectly proport i onal  t o  rates 
of underground mi n i ng ( H i l l  and Ba tes 1 977 ) .  If  t h i s  i s  tru e ,  s ubs idence due to i ncreased 
mi n i ng as  a resu l t of the proposed act i on wou l d  be 3 to 5 percent of the nati onal basel i ne 
expectat i ons ( Tab l e  3 . 9 ) .  Thu s , the proposed act i on wou l d  contri bute l i ttl e to the overal l 
prob l ems of s ubs idence . 

Occa s i onal fi res i n  m i nes and waste p i l es pose a threat to surround i ng b i ot i c  commun i t ies . 
Because some of these f i res can pers i st for many yea rs , they are a source of l ong-term emi ss ions 
of a i rborne pol l utant s .  Prec i p i tat ion of these parti c u l a te and gaseous po l l u tants  cou l d  adversel y  
affect the b iota i n  a manner s imi l a r t o  emi ss ions  from coa l -f ired p l ants , as d i scussed i n  
Sec t i on 5 . 6 .4 . 1 . Proper bur ia l  of  the wastes shou l d  reduce the poten t ia l  for f i res i n  was te 
p i l es .  Proper safety measures i n  m i nes wi l l  reduce the probab i l i ty of mi ne fi res . 

S urface M i n i ng 

Surface m i nes wi l l  provide  a bout  80 percent of the coal needed as a resu l t  of the proposed 
action ( Tab l e  3 . 9 ) .  By 1 990 , Suppl y Reg ion  5 i s  expec ted to i ncrease i ts surface mi ne produc
tion to over 40 percent of the base-case production .  Approx imately 1 900 hectares ( 4700 acres ) 
of l and by 1 985 and 3300 hectares (8200 acres ) by 1 990 ( Tabl e 5 . 20 )  wi l l  have to be d i s turbed i n  
the Un i ted States to support the coal consumpt i on i n  those years . About one-ha l f  o f  that l a nd 
d i s turbance wi l l  occur i n  Supp l y  Reg ion 5 ,  w i th about 40 percent of the d i s turba nce occurri ng i n  
Suppl y Reg i ons  2 ,  4 ,  6 ,  and 8 .  These areas cou l d  be removed from the natura l ha b i tat for up  to 
several decades . 

The general i ncrease i n  surface mi n ing w i l l requ ire that new mi nes wi l l  have to be opened . 
Th i s  i s  parti c u l arly true i n  Supp ly  Reg i on 5 ,  where curren t mi n i ng operat ions are l i mi ted . 
Devel opment of a new m ine  wi l l  have a greater impact per un i t  of coal produced than wou l d  
i ncreased production i n  an exi st i ng m i ne .  The rea son for th i s  d i fference i s  that a new mi ne 
requ i res new s upport fac i l i t i es . Thus , the i mpact of a new su rface m i ne res u l ts from more than 
j ust  i ncreased stri pp ing of the overbu rden . 

Su rface m i n i ng has a dramat ic  effect upon the commu n i t i e s  with i n  wh i ch  i t  occurs ( U . S .  Burea u of 
Land Management 1 975 ; Dvorak et  a l . 1 977 ) .  The so i l s  and b iota overly i ng the mi neabl e coal are 
destroyed . Al though the so i l s  may be returned to the s i te for rec l amation , the processes of  
removal and storage have modi f ied thei r c hemi cal and phy s i ca l  properti es . T he  ori g i na l  strata 
of the su rface so i l s  are destroyed i n  the process  of stri pp i ng the overburden . The orga n i c  
l i tter and humus of t h e  upper l ayers i s  d i l u ted by mi xture w i t h  l ower so i l  stra ta . M i c rofl oral 
and mi crofaunal compos i t ion of the soi l commun i t ies wi l l  be reduced and changed as so i l  cond i 
ti ons change .  Many el ements and organ ic  compounds wi l l  be  l eached from the stored overburden . 
After the cessation  of m i n i ng , rec l amation of the l a nd wi l l  be requ i red . However , i t  may take 
severa l decades for the soi l s  to approach the i r  ori g i na l  cond i t ion . 
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Most  of  the coa l -bear i ng depos i ts of Supply  Reg ion  5 underl i e  oa k- h i c kory and oa k-p i ne commu n i t ies  
( U . S .  Bu reau of  Land Management  1 975 ) .  The  primary impacts are go i ng to  resu l t  from preempt i on 
of the l and by str i ppi ng operati ons . The sma l l er ,  l ess  mo bi l e  wi l d l i fe wi l l  be ki l l ed by strip
p i ng operations . Removal of these commun i t i es wi l l  force more mo bi l e  wi l d l i fe i nto adjacent 
areas , i ncreas i ng competi t i ve pressures among the b i o ta .  I n  many i nstances thi s wi l l  resu l t  i n  
i ncreased mortal i ty of wi l d l i fe .  Because these forests are on the western marg i n  of the dec i du
ous  forests b i ome form i ng an ecotone w i th the  grassl and b i ome , w i l d l i fe d i vers i ty shou l d  be  
h i g her here than in  more eas tern forests . Str i p  m i n i ng cou l d  resu l t  i n  a marked dec l i ne i n  
wi l dl i fe d i vers i ty a s  forest edge i s  l os t .  

A s  a resu l t of  the proposed action , surface m i n i ng a l so i s  expected to i ncrease i n  Supply 
Reg i ons  6 and 8,  where there wi l l  be impacts on sem i -arid  and ar id  l ands . Rec l amation  of these 
l ands to the i r  ori g i na l  commun i t i es is d i ff i cul t .  T hus , several hundred acres of  some hab i tats 
domi nated by l ong- l i ved woody spec ies  may be l ost  fo r severa l  decades or even permanent ly .  I n  
t he  Northern Great Pl a i ns area , most coa l  depo s i ts underl i e  grass l ands and  sagebru sh  vegetation  
( Northern G�eat Pl a i n s  Resources Program 1 975 ) .  Loss of these ha bi tats adverse ly  affects such 
wi l d l i fe as pronghorn , sage grouse , and l es ser pra i r i e  c h i c kens , wh i c h  are dependent upon these 
vegetation  types for forage and cover ( Northern Great P l a i ns Resources Program 1 97 5 ;  R i c kard 
1 977 ) .  D i sp l acement of wi l d l i fe from mi ned areas i ncreases the compet i t ion  for use of the 
und i sturbed l and and cou l d i ncrease g razi ng pressure on adjacent rangel ands . Many of the smal l 
vertebrates of  these commun i t i es are ground-dwel l i ng and undoubtedl y  are k i l l ed by stri ppi ng 
acti v i t i e s .  Packer ( 1 97 4 )  estimates that rec l amation  of  stri pped l and i n  the Northern Great 
Pl a i ns may take from one to f i fteen years , depend i ng  upon l ocal i ty and whether the l and i s  be i ng 
rec l a i med to cropl and or to natural vegetati on . 

Of part i c u l a r  concern i n  the Northern Great Pl a i n s  are effects upon surface hydrol ogy by d i srup
tion of  fl oodp la i ns ( Northern Great Pl a i n s  Resources Prog ram 1 97 5 ) . R i parian commun it ie s  are 
adversel y affected i f  stream f l ow i s  reduced or d i verted , or if water qual i ty is decreased . 
These r i parian  commu n i ti e s  provide  ha b i tats for a vari ety of wi l dl i fe that cannot read i l y  
expl o i t  the s imp ly  s tru.ctured grass l ands ( Shel ford 1 963 ) .  B i rd d i vers i ty i s  cons i derabl y 
h i g her i n  these fl oodpl a i n s  than i n  g rass l ands , and most of the b i rds are adapted for nesting  
and forag i ng in  the tree and shrub strata of the fl oodp l a i n  forests . The d i stri bu tion of whi te
ta i l ed deer extends westward w i th the f l oodp l a i n  forests . These forests prov ide  browse and 
cover for deer and for the few wap i t i  st i l l  rema i n i ng in th i s  area . Rec l ama tion  of the fl ood
p l a i ns i s  d i ff i cu l t ,  i nvol v i ng return to the former c hannel of  wa ter fl ow ,  and regrowth of the 
woody vegetation  that makes these commu n i ties  un i que w ith i n  the Northern Great Pl a i n s . 

Under the Surface Mi n i ng Control and Rec l amation Act of 1 977  ( 30 USC 1 201 , Pub . L .  95-87 ) ,  the 
Department of I nterior has i s sued proposed , permanent reg u l ations  that shou l d reduce , if not 
e l i m i na te , m i n i ng effects upon fl oodpl a i n  hab i tats ( U . S .  Department of the I nterior  1 978 ) .  
These regu l ations  requ ire that the m i n i ng be carri ed out i n  such  a manner as to not d i srupt the 
essent ia l  hydro l og i cal features of western f l oodp l a i ns . Thus , mi n i ng carried out i n  response to 
the proposed action  shou l d  pose l i tt l e  threat to the fl oodpl a i n  commun i t i es of Suppl y Reg i on 6 
i f  these regu l ations  are fo l l owed . 

Stri pping  of l and i n  Supp l y  Reg ions  2 and 4 wi l l  impact primari l y  oak- h i c kory and remnant 
pra i ri e  commu n i ti e s  ( Dvora k and Pen tecost et a l . 1 977 ) .  Because o f  the d i ff i cu l t i es i n  reforesta· 
t i on , grass l and communi ti es wi l l  be establ i s hed during  rec l amat i on , and it wi l l  be severa l 
decades i f  ever before mature forest cou l d  become rees tab l i s hed .  

I t  i s  not  expected that surface mi n i ng acti v i t i es wi l l  marked l y  affect major wetl ands because 
few m i nea b l e  coal depos i ts are assoc iated with  these habi tats . Where m i n i ng may have impacts on 
wetl ands , reg u l a t ions  promu l gated in accordance with Executive  Order 1 1 990 and under the Resource 
Conservation and Recovery Act of 1 976 ( P u b .  L .  94-580 ) may m i t i gate such impacts . I n  add i t ion , 
prov i s ions  i n  the regu l ations  promu l gated under the Surface M i n i ng Contro l  Act of  1 977 ( Pu b .  
L .  95-87 ) for the protection  o f  f i s h  and wi l d l i fe wi l l  reduce i mpacts from m i n i n g .  

I t  i s  not expected that surface m i n i ng due to the proposed action  wi l l  const i tute a l arge pro
port ion  of the base-case production  in most reg ions ( Tabl e 3 . 9 ) .  I n  Supply Reg ion  5 ,  however , 
s urface m i n i ng to meet expected demands may be over 40 percent of  the base l i ne production  i n  
1 985 . Thi s i s  due t o  the l ow coa l production  i n  the reg ion  and the d i sproporti onately i ncreased 
demand for coal here as  a resu l t  of the p roposed acti on , compared to other reg ions . 

Coa l Cl ea n i ng and Process i ng 

Suppl y Reg i ons  1 -4 wi l l  have the greatest potent ia l  for probl ems from coal c l ean i ng ( Dvorak 
et a l . 1 977 ) .  Coa l s  from Supply Reg i ons  5 and 6 are general l y  not c l eaned . Because of the 
rel a t i ve ly  sma l l i ncrease  in production  from supp ly  reg i ons  where coa l c l ea n i ng is practi ced 
( Tabl e 3 . 9 ) , it is u n l i ke l y  that i ncreased coal use as  a res u l t  of the proposed action wi l l  
marked l y  i ncrease the amounts of refuse from coa l m i n i ng and process i ng a bove l eve l s  due to 
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base-case i ncreases . Proper buri a l  and stab i l i zation  of proces s i ng refu se as cal l ed for under 
federal surface m i n i ng reg u l ations  ( U . S .  Department of the Inter ior  1 978 ) shou l d  reduce the 
potent ia l  for i mpact as a resu l t  of the proposed action . 

No i se wi l l  tend to d i sturb wi l d l i fe and may i nduce them to avo id  the v i c i n i ty of the mi ne opera
ti ons , wh i ch extend s the impact beyond the m i ne s i te ( USEPA 1 97 1 ) .  Many w i l d l i fe spec i es u se 
audi tory stimu l i as a means of commun i cat ing a l a rm or l ocating mates . No i se em i s s i ons  from coal 
proces s i ng may i nh i b i t  the effect iveness of these st imu l i in the immedi ate v i c i n i ty of the m i n e .  
These effects can b e  m i t i g ated by l ocati ng the process i n g  acti v i t i es as  far as  poss i b l e  from the 
boundary of the m i n i ng or p l ant area and construct i ng fac i l i t i e s  i n  a manner that wi l l  reduce 
the emi s s i on of no i se to the ambi ent env i ronment . 

Marsh vegetat i on may become establ i s hed around refuse s l urry pond s ,  prov i d i n g  a hab i tat  for some 
wi l d l i fe .  Th i s  cou l d  provide  pathways for the tran sfer of trace e l ements i nto the surround i ng 
b iota v i a  the food cha i n .  I n  add i ti on , seepage from the ponds may transport trace el ements i n to 
the soi l s  of adjacent commun i t i es .  Th i s  cou l d  l ead to the bu i l dup o f  el ements to tox ic  l evel s 
w i th i n  some of the b i ot i c  components of  the ecosystem . However, the gradual  f i l l i ng of the 
ponds may make them unstab l e enough to reduce the amount of mars h devel opmen t .  In  add i t i on , the 
nox ious  q ua l i ty of  the s l urry l i quor sho u l d  d i scourage w i l d l i fe from .i ngesti ng great quanti t i e s .  
Proper l i n i ng a n d  con struct i on of the ponds wi l l  reduce seepage t o  a m i n imum.  

Coa l  refuse ( go b )  p i l es pose two primary threats to the envi ronment ( U . S .  Bureau of Land Manage
ment 1 97 5 ;  Dvora k et a l . 1 977 ) .  F i rs t ,  coa l fragments in the p i l es may occa s i ona l l y  catch f i re ,  
rel eas i ng gaseous and part icu l ate pol l u tants i nto the a i r .  These f i res often burn for an 
extended peri od before they are brought under control , resu l t i ng in pro l onged exposure of the 
nea rby b i ota to these po l l u tants . Second , trace el ements and ac ids  are l eached from the p i l es 
i nto surroundi n g  so i l s .  The so i l s  of the reg i ons i n  wh i ch th i s  m i g ht occur tend to have l ow 
bufferi ng  capac i t i e s  and are more suscept i b l e  to i ncreased ac i d i f i ca t i on . 

After cessati on of  the m i n i ng operation  the potent ia l  for impacts from gob  and s l u rry refuse 
rema ins . Many states requ i re that the refuse be stab i l i zed and revegetated .  Such rehab i l 
i l tation reduces eros i o n ,  ac id  dra i nage , and the l i kel i hood of  combu s t i on , and beaut i f i es the 
l andscape . The l and may be retu rned to a cond i t ion s u i tab l e for wi l d l ife use i n  a re l at i ve l y  
brief peri od ; however , retu rn of  forest ha b i tat  may req u i re an extended peri od of time . 

5 . 6 . 1 . 2  Aquat ic  

As  menti oned i n  Secti on 5 . 4 ,  the  envi ronmenta l effects of  the  proposed act ion  are not  expected 
to be s i gn i f i cantl y d i fferent from the type s of effects ca used by the overal l i ncrease i n  coa l 
ut i l i za t i on . Thu s ,  i t  i s  not pos s i b l e  to determi ne wha t eco l o g i ca l  impacts wi l l  occur on a 
s i te-spec i fi c  bas i s .  Th i s  d i scu s s i on i s  therefore l arge l y  confi ned to a genera l descr ipt ion of 
the aquati c eco l og i ca l  impacts of  the coal  fuel cyc l e .  However , where pos s i bl e ,  pred icted 
impacts are g i ven for those reg i ons  proj ected to rece ive the greatest i ncrea ses i n  coa l m i n i ng 
and uti l i zati on as a resu l t  of  the proposed acti on . The reader i s  referred to Section  5 . 4  for 
i nformation  on hydrol ogy ,  water qual i ty ,  and water u se effects . Because of  the obv i ou s  c l ose 
rel ationsh i p  between these top i c s  and aquat ic  eco l ogy , the sections  dea l i ng wi th aquat ic  b i o 
l og i ca l  effects wi l l  comp l ement the materi a l  i n  Secti on 5 . 4 .  

Hydro l og i cal Effects on  Bi ota 

Hydro l o g i ca l  effects that can occur as  a resu l t of coal m l n l ng are l i sted in Sect i on 5 . 4 .  Among 
these are a l tered fl ow rates and f l ow vol ume s ,  d i sappearance of surface waters , and the creation  
of more su rface waters . Al tered f l ow reg imes can  be  h i g h l y  d i s ruptive to stream commun i ti es 
( Hynes 1 97 1 ) .  Drawdown can resu l t  i n  the l oss  of habi tat , and g reater f l ows can produce bottom 
and edge scouri ng , thus  resu l t i ng in fewer benthic  organ i sms , l ess  autochthonous  food for h i g her 
organ i sms , and h i g her turb id i t ies  from the suspended su bstrate mater i a l  ( see the fol l owing sec
t i on on water qual i ty effects for turbi d i ty and sed imentat ipn impacts ) .  The l oss of surface 
waters obv ious ly  con sti tutes a l oss  of habi tat for the b i ota , and the creat i on of su rface water 
( e . g . , impoundments from l a st-cuts in str i p  m i n i ng ) provi de� new area s for b i ot ic  col o n i zat i on . 
Newly created ha b i tats may o n l y  offer h i gh l y  stressed cond i t i on s ,  however, becau se the water may 
have h i g h  concentrations  of heavy metal s ,  aci ds , and s u l fate s .  

Water Qual i ty Effects on B i ota 

The maj or water q ua l i ty effects from m i n i ng and m i ne proces s i ng are from ( 1 ) sedimentat ion ,  
( 2 )  acid  dra i nage , ( 3 )  a l kal i ne dra i nage , and  ( 4 )  nutrient enr i c hment . Deta i l s on  the deri vat i on 
of the consti tuents and on the i r  concentrati ons are found i n  Section  5 . 4 . 
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Sed imentat ion occurs as a resu l t  of  ero s i on a nd from sp i l l age from coal wa s h i ng area s .  Ero s i on 
i s  part i c u l ar ly  ac ute i n  the mounta i nous  coa l m i n i ng reg i ons  of the eastern Un i ted States , but 
it is a l so a consi derab l e probl em in western m i n i ng area s where h i g h ly  erodi b l e  so i l s  ex i st ,  
vegetation  i s  general l y  sparse , and ra i nfal l events , though sporad i c ,  are i n tense ( Dvora k et a l . 
1 977 ) .  I n  addi t i on to the scou r ing i mpacts d i scussed prev i o us l y ,  sed imentation  has severa l 
other effects on the b i ota of  a stream.  The s hading i t  produces decrea ses photosynthes i s ,  wh i ch  
can  resu l t i n  t he  el im i nat ion of  benth i c  p l ants and  the  v i rtual el im i nation  of phytop lankton 
( Fogg 1 975 ) .  Such a decrease i n  the autotroph i c  commun i t i es u s ua l l y  has concom i tant ram i f i ca
t ions  for h i g her trop h i c  l evel s ,  i ncl ud i ng decreased standi ng crops and spec ies  compo s i t i o n  
changes ( Russel l -Hunter 1 970 ) .  Sedimentation  tends to smother benth i c  anima l s as wel l and 
creates an unstabl e su bstrate on  whi c h  few organ i sms can reco l on i ze ( Hart and Fu l l er 1 974 ) .  
The l oss  of a s i g n i f i cant port i on o f  the benth i c  fauna u s ua l l y  has a detrimental  i nf l uence on 
i nvertebrate predators ; th i s  effect a l one has been c i ted as  el im i nat ing vari ous  f i s h  speci es 
from affected streams ( Hynes 1 97 1 ) .  D i rect effects of sedimentat ion on f i s h  i nc l ude the c l og g i ng 
of g i l l s ,  the l oss  of spawn i ng ha b i ta t ,  reduced res i stance to d i sease ,  and d i sruption of m igra
t ions  ( Dvorak  et  a l . 1 977 ) .  The sed iment may a l so ca rry h i g h  l evel s of organ ic  compounds that 
can cause l ocal  deoxygenation  upon decompos i t i o n ,  thereby stress i ng organi sms d i rectly or pro
duc i ng i ndi rect effects through  an  i nfl uence on the toxi c i ty of other compounds . 

Ac id  dra i nage conta i ns h i g h  l evel s of TDS (much of wh i c h  i s  contri buted by s u l fates ) ,  ha s a l ow 
pH , sometimes has h i g h  hardness ,  a nd conta i ns numerous  trace contam i nants , i nc l ud i ng heavy 
meta l s .  Because of the comp l ex i ty of th i s  type of effl uen t ,  b i ot i c  effects are variabl e and are 
often h i gh l y  s i te-spec i f i c  ( Roback and R i c hardson 1 969 ) .  Thu s ,  for examp l e ,  ac id  dra i nage that 
enters a h i gh l y  cal careous  stream may be rap i d l y  neutra l i zed and rendered rel at ive l y  i nnocuous 
wi th i n  a s hort d i stance downstream . Conversel y ,  the same effl uent added to a water body that 
has l i tt l e  bufferi ng capac i ty may exert effects for a cons i dera b l e  d i stance .  

The l owering  of  the p H  o f  a water body can have a profound effect o n  numerous aspects o f  an 
organi sm ' s  exi stence , and the responses of d i fferent organ i sms are h i gh l y  vari a bl e .  Some spec i es 
thri ve i n  very l ow pH envi ronments , i n c l ud i ng su l fur and i ron bacteria  ( e . g . , Thiobaci llus 
and Ferrobacil lus ) ,  wh i c h  hel p ox id i ze the s u l f ide m i nera l s  assoc i ated wi th some coa l s  to pro
duce the ac i d i ty i n  the effl uent ( Dugan 1 972 ) .  However , some orga n i sms do not to l erate pH 
val ues much bel ow neutra l . For examp l e ,  most b l ue-green a l gae d i sp l ay optimum growth between 
pH 7 . 5  and 9 . 0  and w i l l not surv i ve for l ong peri ods bel ow pH 6 . 0  ( Fogg et a l . 1 973 ) .  Most f i s h  
are ab l e t o  l i ve w i t h i n  a fa i rl y  wi de pH range ( e . g . , pH 5 t o  1 0 ) ;  sen s i ti v i ty t o  bacteri a l  
d i seases i ncreases tremendou s l y  bel ow a bout pH 5 and i s  a maj or factor preventing  l ong-term 
surv i va l  at l ower pH val ues ( Bennett 1 970 ) . The mechan i sms tha t govern pH tol erance are poor ly  
known for  most  organ i sms because  of the  mu l t i p l i c i ty of effects , both d i rect and i nd i rect ,  wh i c h  
the hydrogen i on concentration  can have on b i ota .  A s ig n i f i cant i nd i rect effect of  pH i s  i ts 
i nf l uence on the i on i zat ion of  compounds and the so l u bi l i ty of certa i n  ions . Thus , most  heavy 
meta l s  are more so l u b l e  at l ower pH va l ues ; therefore , heavy metal effects are usua l l y  more 
pronounced at l ower pH l evel s ( Van Hook 1 978 ) . 

The phys i o l og i ca l  bases for the effects of a l tered TDS l evel s caused by the add i tion  of ac i d  
dra i nage are u sual l y  rel ated to osmotic  i nf l uences rather than tox i c  reactions  ( Ki ng e t  a l . 
1 974 ) .  The su l fate i o n ,  for examp l e ,  i s  not h i gh l y  tox i c  to most organ i sms , even at h i g h  con
centrat ion s ,  but many spec i es cannot surv i ve in  i on i c  strengths as  h i g h  as those assoc i ated with 
ac id  dra i nage . However , there i s  some ev i dence that the effects of  a l tered hardness are more 
compl ex than thi s for at l east some spec i e s .  For examp l e ,  ca l c i um and other d i va l ent cations  
( i ons with a doubl e pos i t i ve c harge)  may a l ter the effi c i ency of i on  upta ke systems in  some 
pl ants (e i ther negati vely or pos i t i ve l y )  ( Fogg 1 97 5 ) . Of parti c u l a r  perti nence i s  the fact that 
hardness can great ly  mod i fy the toxi c  effect of a g i ven concentration  of heavy meta l s .  In 
genera l , heavy meta l s exert grea ter tox i c i t ies  in soft water than in hard water ( Nati onal Academy 
of Sci ences , Nati ona l  Academy of Engi neer i ng 1 973 ) .  

Metal s commonl y  found i n  coal m i n i ng and process i ng effl uents are l i sted i n  Section 5 . 4 ,  a l ong 
with  typ i ca l  concentrations  encountered . Leve l s of certa i n  meta l s  can reach  such  h i g h  val ues 
that changes in pH  ( to more a l ka l i ne )  or Eh  ( to l ess  reduc i ng )  can produce l arge b l anket- l i ke 
depo s i ts of the meta l hydrox ides i n  the bottom of the water body ( Dvora k et a l . 1 977 ) .  I ron  and 
a l umi num hydroxides , i n  part i c u l a r ,  are commonly  found in streams l oca ted a s hort d i s tance from 
wa ste outfal l s  as a res u l t of parti a l  neutra l i zation  of the ac i d i ty in the effl uent by the 
recel v l ng stream or  i ts s u bstrate.  A l though these compounds are not h i g h l y  tox i c  in the pre
c i p i tated form , they produce effects that are qu i te s imi l ar to the effects of other extraneous 
sedi ments ( see prev ious  d i scuss i o n )  ( Hynes 1 97 1 ) .  

Because of  the number of  tox i c  trace metal  contami nants commonly  conta i ned i n  acid  mi ne dra i nage , 
a vari ety of tox i c  effects may be produced . Aside from the tox i c i t ies  produced by each ion  
i n d i v idual l y ,  several synerg i st i c  ( the coex i s tence of two or more tox i c  meta l s  produces effects 
that are greater than the add i t i ve effects of the i nd i v idual  i o n s )  and anta�on i st i c  effects can 
be produced by the coexi s t i ng meta l s  ( L i nd and Campbel l 1 97 0 ;  Van Hook 1 978 ) . The toxi ci t ies  of 
trace e l ements from coal  to severa l aquat ic  orga n i sms are l i sted in  Dvora k et a l . ( 1 97 7 ) .  
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As i nd i cated i n  Section  5 . 4 , m i ne and process i ng waste effl uents common ly  conta i n  concentrations  
of el ements in  exces s of  cri teri a  des i g nated for  the protection  of  aquatic  l i fe .  The  extent to 
wh i c h  any g i ven effl uent wi l l  exert effects on a rece i v i ng stream wi l l  depend , not on l y  on the 
concentration  of the tox i c  constituents i n  the effl uen t ,  but on the d i l ut ion  capac i ty of the 
s tream . The eco l og i cal effects from tox i c  meta l add it ions  are s im i l a r  to those produced by many 
tox i cants , that i s ,  the communi t i es become more s impl i f i ed ( have l es s  di vers i ty because o n l y  
res i stant orga n i sms surv i ve ) ,  a n d  overal l production drops ( Roback a n d  R i chardson 1 969 ; L i nd and 
Campbel l 1 97 0 ;  Hynes 1 971 ) .  

I n  addi t i on to d i rect tox ic  effects , many of  the trace metal s are b i oaccumul ated . Thus , even 
l ow envi ronmenta l l evel s may i nd i rectly resu l t in tox i c  effects at  h i g her troph ic  l evel s ,  wh i l e  
organ i sms l ower on the food c ha i n  are u naffected ( Van  Hoo k 1 978 ) . 

Severa l stud ies  have been conducted on the eco l og i ca l  effects of add i ng ac id  m i n e  dra i nage to 
streams and l akes ( e . g . , Ki ng et a l . 1 974 ; Smi th and Frey 1 97 1 ) .  Al though spec i fi c  deta i l s  vary 
from s i te to s i te , certa i n  common conc l u s ions  have emerged . I n  general , d i vers i ty of the major  
commun i t i e s  decrea ses i n  proportion to the  amount of pol l utants added . Those organi sms that do 
surv i ve can obta i n  l arge stand i ng crops , however , because much of  the competi t ion  wh i ch  they 
former l y  experi enced i s  removed . Sport f i s h ,  part i cu l arly the sal moni ds , are among the fi rst 
organi sms to d i sappear . I n  some cases , th i s  resu l ts from d i rect tox ic  effects , but i n  others i t  
i s  caused by a n  i nfl uence o n  the i r  food supp ly  ( e . g . , the bent h i c  i n vertebrates ) .  Tota l b i omass  
of  au totrophs , primary consumers , and  secondary consumers may e i t her i ncrease or decrease 
( Sm i t h  and Frey 1 97 1 ; Hynes 1 97 1 , 1 97 2 ;  Scu l thorpe 1 967 ) .  

Al kal i ne dra i nage occurs primar i l y  i n  the western Un i ted Sta tes , where pyr i t i c  m i neral s are 
general l y  sparse i n  the coal and where the overbu rden conta i n s  l arge quan t i t ies  of sod i um ,  cal 
c i um ,  magnes i um ,  carbonate , b i carbonate , s u l fate , and ch l oride . Thu s ,  l each i ng from the over
burden produces adverse effects rather than runoff from the coal and a s soc iated m i nera l s .  I n  
general , the consti tuents o f  a l kal i ne drai nage ( Na+ ,  Ca2+ ,  Mg2+ , C0 3

2 - , HC03
- , S04 2 - , Cl - ) are 

not h i g h l y  toxi c ,  but they frequently occur at  h i g h  enough concentra t i on s  in the recei v i ng 
waters to i nduce o smo t i c  effects and i o n i c  imba l a nces ( Dvora k  et a l . 1 977 ) .  The spec i fic  effects  
are  h i g h l y  s i te spec i f i c ,  however , because the  rel ative  quan t i t i es of  the  ions  i n  the effl uent 
depend on  the part i c u l ar overburden bei ng l eached . The sporad i c  nature of the prec i p i tation  i n  
much o f  the western Un i ted States makes many o f  the a l ka l i ne dra i nage i nputs epi sod i c  rather 
than con t i n ua l . I n  extremel y  arid  area s ,  l eachates from the overburden may on ly  reach ephemera l 
streams , wh i ch have no true aquatic b i ota ; impacts to these wou l d  thus be m i n ima l  ( Dvorak et a l . 
1 977 ) .  

I f  a l kal i ne dra i nage i nputs to a parti c u l ar water body are not excess ive ,  no changes i n  com
mun i ty structures or popu l ation  den s i t ies  may be noted . However , l arge add i t i on s  of the pre
v i ous l y 1 i sted i on s  may resu l t in a f l ora and fauna that are more euryha l i ne ( Hynes 1 97 2 ;  L i nd 
and Campbel l 1 970 ) . Such b iot ic  a s sembl ages can be very di verse and product ive , a l though 
extreme sal i n i t i es or  hardness  g eneral l y  crea te l ow d i vers ity ( but  h i g h  popu l ation  den s i t ies  of 
the components ) ( Hynes 1 97 1 ) .  Add i tions of carbonate and/or b i carbonate to h i g h l y  eutroph ic  
systems can  stimu l ate production  i f  t he  major autotrophs are carbon l imi ted ( Hu tch i nson 1 967 ) .  
These i on s  a l so tend to reduce pH  fl uctuati ons . I n  g enera l , the add i tion  of even l a rge  amounts 
of b i carbonate/carbonate produce l i ttl e damage to ecosystems ( Nat ional Academy of Sc iences , 
Nati onal Academy of Engi neer i ng 1 973 ) . 

Sma l l quan t i t i es of  su bstances o ther than water are occa s i ona l l y  u sed i n  wash i ng coal  ( Sec . 5 . 3 ) .  
Al though some a l cohol and kerosene may escape i nto the envi ronment ,  for examp l e ,  the quanti t i es 
are expected to be so smal l that o n l y  very l ocal i zed effects wi l l  be fel t .  D i l ute a l cohol can 
actual l y  s timul ate the growth of certa i n  heterotrophs because i t  can be u sed by them as  an 
energy source ( Broc k  1 966 ) .  

As stated i n  Sect ion  5 . 4 . 1 ,  i t  i s  not poss i bl e  to p i npo i n t  where min i ng wi l l  occur a s  a resu l t  
of the proposed act i on . However , a pred i c t i on has been made of the i ncrease i n  coa l product ion 
to be s ustai ned by each of the e i ght  coal suppl y reg ions . As i nd i cated i n  Section  5 . 4 . 1 , those 
in  whi ch production  wi l l  i ncrease by a sma l l  percentage on l y  ( e . g . ,  5 percent or l es s )  are not 
expected to demonstrate s i gn i f i cant reg i ona l i mpacts . However , l ocal impacts may occur .  Those 
areas expected to recei ve impacts of potent ia l  reg i onal  s i gn i f i cance i nc l ude the central and 
sou thern Appal achian area and the western Uni ted States (primar i l y  the northern Great P l a i ns and 
Texas ) .  Sedi menta t i on and acid  mine  dra i nage have been parti cu l arly severe probl ems i n  some of 
the mi n i ng d i stricts  of the Appal ach ians  ( Sec . 5 . 4 . 1 ) ,  and the proposed action wi l l  proba b ly  
contri bute to  these pro b l ems . L i kewi s e ,  sed imenta t i on and  a l ka l i ne dra i nage prob l ems i n  the  
western Uni ted States wi l l  l i ke l y  become more severe . However , wi thout s i te-spec i f i c  i nforma 
t ion of where m i n i ng wi l l  take p l ace a s  a consequence of thi s  po l i cy ,  i t  i s  impo s s i b l e  to carry 
the ana l ys i s  any further. 
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The maj or effect of the i ncreased coal transportation  wi l l  be a l ong pathways l eading  i nto Demand 
Reg i on V I . Coal from Suppl y Reg ions  5 and 6 wi l l  most l i ke ly  be transported by ra i l . The 
greatest impacts from transportation  proba b ly  wi l l  occur near the rece i v i ng end of the transport 
l i nkage because here coal tran sport i s  be i ng concentrated as  s h i pments come in from several 
d i spersed sources . However ,  transport i ncrease due to the proposed action  are on ly  a smal l 
proporti on of the expected base-case i nc reases ( c f .  Sec . 5 . 2 . 2 ) , and impacts from the proposed 
action  are then expected to be smal l rel ati ve to base case . 

Damage to forest ecosystems and crops i n  southern Cal i forn i a  have been attri bu ted to emi ss i ons  
of  photochemica l  ox idants from u r bani zed areas ( Mi l l er and  McBr i de 1 975 ) .  These pol l utants al so 
have been s hown to cause pu l mona ry patho l og i es in terrestr ia l  a n ima l s  ( Nati onal Academy of 
Sc i ences 1 977 ) .  Emi s s i ons  from coal transport i n  response to convers ion to coal wi l l  not be 
l a rge enough to pose a ser ious  threat to b iota .  These emi s s i ons  wou l d form on ly  a smal l per
centage of the total emi ss i ons  from base-case pol l utant sources ( c f .  Sec . 5 . 2 . 2 ) .  The smal l 
i ncrementa l decrease i n  a i r  q ua l i ty due to transport of  coal to converted i ndustries  wou l d  be 
of importance on ly  i n  those areas w ith marg i na l  a i r  qual i ty ,  where even a sma l l i ncrease i n  
emi s s i ons  may degrade the a i r  q ua l i ty t o  the thresho l d l evel s for damage to b i ota . 

Sh i pment of 'coal i n  open ra i l road cars , barges . or trucks can l ead to i ncreased coal dus t i ng of 
vegetation  l i n i ng the ma i n  routes of transport ( Dvora k et a l . 1 977 ) .  Such dust i ng can decrease 
production i n  p l ants by bl ockage of stomata and decrea sed l i ght penetrat ion to the s i tes of 
phytosyntheses ( Lerman and Dar l ey 1 975 ) . Du sting  can a l so reduce the qual i ty of the vegetation  
as forage or h uman food . The sever i ty of the prob l em is  dependen t upon the mo i sture content of 
the coal , the amount of coal s h i pped a l ong a g i ven route , whether coal i s  washed at the mine , 
whether hoppers wi th t i ght  doors are u sed , and whether the coa l s h i pment i s  covered . The 
impact from i ncreased coal u se wi l l  be important on ly  when dusti ng l evel s are near the thresho ld  
for  damage to  nearby b i ot i c  systems . 

Acc i den ta l spi l l age of coal during  transport can threaten speci f i c  s i tes a l ong transport routes 
( Dvorak et a l . 1 97 7 ) . Howeve r ,  the amount of addi t iona l  coal requ i red as � re su l t of the pro
posed act ion proba b l y  wi l l  not noti ceab l y  i ncrease the l i kel i hood of sp i l l age . In creased barge 
traffi c  a l ong  na rrow waterways c ou l d  i ncrease bank e ro s i on , di sturb i ng ri parian commun i ti es , 
but , aga i n , the contri bution  to eros i on from transportation  of coa l under  the proposed act i on 
wi l l  be smal l compared to basel i ne tran sportat ion .  I ncreased traff i c  and  n o i se may di sturb the 
l arger a n i mal s i n hab i t i n g  commun i ti es adjacent to roadways and ra i l road beds . 

5 . 6 . 2 . 2  Aquat i c  

Transportat ion effects resu l t i ng from the proposed action  are d iffi cu l t  to eval uate because the 
proporti onal  q uanti ty of coal to be hau l ed by each mode i s  u n known , the new transporta t i on 
routes are u nknown , and the acc ident rates and spec i f i c  operati ona l character i st i c s  for the 
newer conveying  methods ( such  as the s l u rry p i pel i ne )  are not known . Water qual i ty effec ts from 
eac h maj or mode of transportat ion ( truck ,  ra i l road , barge , and s l urry p i pel i ne )  are gener i ca l l y  
treated i n  Sec t i on 5 . 4 . 2 . 1 . I n  general , construction  for the terrestr ia l  transport methods wi l l  
i nc rease sedi mentation  probl ems , parti c u l arly i n  the mounta i nous  east  and the ar id  west  ( Dvora k 
et a l . 1 97 7 ) .  These areas are l i kewi se those from wh i ch the majo r i ty of the coal for the pro
posed act i on i s  expected to be deri ved ( Sec . 5 . 4 . 1 ) .  The impacts of sed imentation  on the aq uat ic  
b iota are  descr i bed i n  Sect ion  5 . 6 . 1 . 2 .  Coa l sp i l l s  and s l urry sp i l l s  near o r  i n  a water body 
w i l l provi de the potent ia l  for several of the types of effects d i scussed i n  Sec t i on 5 . 6 . 1 . 2 ,  
pr imar i l y ,  a c id  o r  a l ka l i ne dra i nage and sed imentation  effects.  The overal l sever i ty of such 
impacts is  expected to be cons i derab l y  l ess  than those produced by m i n i ng and mine  s i te proces s
ing . However ,  the potent ia l  does  exi st  for  severe l oca l  effects ( e . g . ,  i n  t he case  of a l arge 
sp i l l  near a smal l ,  pri st ine ,  poor l y  buffered l ake ) . 

5 . 6 . 3  Storage and Ons i te Process i ng 

5 . 6 . 3 . 1  Terrestria l  

MFB I s  and power pl ants burn i ng coal req u i re l and area for  coal storag e .  The i nc reased coal 
consumpt ion i n  Reg i on VI due to the proposed action may requ i re that up to 600 and 1 200 hectares 
( 1 500 and 2900 acre s )  be occupied  by coal storage and waste handl i ng fac i l i t ies  by 1 985 and 
1 990 , respective ly  (Tabl e 5 . 2 1 ) .  I n  r ural areas th i s  may mean that pl ant fac i l i t i e s  must expand 
i n to wi l d l i fe habi tat , d i sp l a c i ng the res i dent b i ota . As noted above , di spl acement  can resu l t  
i n  a decrease i n  wi l d l i fe popu l at ions  due to the i n ten s i fied c0moeti t i on for l imi ted resources . 



5-56  

Storage and  handl i ng of coal  wi l l  i ncrea se fug i t i ve dust  l eve l s  around the fac i l i ty .  Soot 
( part i c u l a te remnants of coal combu s t i on ) has been s hown to p l ug s toma ta , reduce p hotosynthe s i s ,  
and  cause  l eaf necros i s  ( Lerman a nd Da r l ey 1 97 5 ) .  A l though  soot has  somewha t d i fferent chem i ca l  
p ropert i es t h a n  coa l  d u st , t h e  p hy s i ca l  effects  may b e  s i m ·i l a r .  Fug i t i ve d u s t  settl  i ng onto 
s o i l s  may c hange the el emen ta l concentra t i ons  on the s o i l s urfac e .  I n c reased amb i ent d u s t  due  
to convers i o n  to coa l  wi l l  p roba b l y  not have a marked  reg i ona l  effec t ,  but may not i c ea bl y  affect 
the a i r  qua l  i ty i n  t he i mmed i a te v i ci n i ty o f  t he p l a n t .  I t  i s  u n l  i ke l y  that dus t i ng wi l l  become 
a majo r  prob l em i f  the p i l es a re p roperly ma i n ta i ne d .  

Leac h i ng of mater i a l s from t h e  s to rage p i l es l eads t o  an i ncrease i n  trace el ement concentra
t ions  in  nearby s o i l s  ( Dvorak et a l . 1 97 8 ) . I n  Reg i o n  V I ,  where most of the i nc reased coa l  use  
is  l i ke l y  to  take p l ac e ,  the rel a t i ve l y  h i g h  ra i nfal l a l ong the Gu l f  coast may resu l t  in  a con
s i dera b l e  amount  o f  l ea c h i ng o f  mater i a l s  from storage p i l es .  Effects  of the l eac hate wou l d  
probab l y  not extend very far from the p i l  e s .  

Another potent i a l  p ro bl em w i t h  c o a l  s torage p i l es i s  t h e  danger of spontaneous combu s t i o n . Not 
o n l y  i s  coal l o st , but the uncontrol l ed emi s s i o ns degrade l oc a l  a i r  qua l i ty .  Proper mon i tori ng 
of p i l e  cond i t i o n s  shou l d red uce  the l i ke l i hood o f  such  f i res . 

Mos t  p rocess i ng w i l l  be carr i ed o u t  at t he m i ne s i tes beca use o f  the ease w i th wh i ch waste 
products can be managed a t  the m i nes rather than at  converted i n d ustri es . Crush i ng of coa l may 
be requ i red at the s i te of coa l  u se .  No i se produc t i on from these crushers cou l d  d i sturb the 
b i ota of a djacent  hab i tats . I t  i s  un l i ke ly  that no i se l eve l s  w i l l  i nterfere w i th sound com
mun i ca t i o n  such  a s  courts h i p d i sp l ay ,  or a l arm c a l l s  among w i l d l i fe ( USEPA 1 97 1 ) .  No i se l eve l s  
may i n duce w i l d l i fe to l ea ve the v i c i n i ty of  c rush i n g  act i vi t i es , fo rc i ng them to compete w i t h  
res i dents o f  o ther commun i t i e s  for resource s . These effects w i l l  b e  sma l l o n  a reg i on a l  sca l e  
because  o f  the re l at i ve l y  sma l l  i ncrease i n  coa l proce s s i ng req u i red by convers i on o f  i ndustr ies . 
On a l oc a l  s ca l e  i n  i ndustri a l  p l ants  l ocate d  i n  l a rge urban , i nd u s tr i a l i zed centers , con vers i on 
to coal  may not  res u l t  i n  s u ff i c ient  i n crease i n  no i se produc t i on to be noti ceab l e  above amb i en t  
n o i se l eve l s .  I n  p l ants  l ocated i n  rural  a rea s ,  coal  a n d  l imestone c ru s h i n g  cou l d  b e  suff i c i en t  
to d i s turb s urround i n g  w i l d l i fe and  l i vestoc k .  I t  appears , however ,  that mo st o f  the effects  
w i l l  occur  in  urba n i zed a reas  such  a s  the Gu l f Coa st of  Texa s .  

5 . 6 . 3 . 2  Aqua t i c  

Effects from s to rage a n d  ons i te p rocess i ng res u l t ma i n l y  from runoff from the coa l ( Sec . 5 . 4 . 3 ) .  
The con s t i tuents i n  the effl uent a re v i rtua l l y  the same a s  those ema na t i ng from coa l  m i n i ng and  
m i n e  s i te proces s i ng , but t he abso l ute amounts  are genera l l y muc h l es s  ( see Sec . 5 . 4� 3 . 1 ) .  The 
contam i nant  quant i t i es a re u s u a l l y  l ower because  ( 1 ) the coal  has u sua l l y  been washed a l ready 
and ( 2 )  water contact i s  u s ua l l y  kept to a m i n i mum i n  coa l  s torage p i l es because  wet coa l  has  a 
l ower Btu va l ue per u n i t  of we i g h t .  Reg i on s  wi th the g reatest coal  consump t i o n  wi l l  a l so 
o b v i o u s l y  have the l argest  quant i ty of effl uents from coal  stora g e ,  on s i te p roces s i ng ,  wa ste 
col l ec t i on , and was te d i s posa l . Few data are ava i l abl e on where coa l consumpt i on wi l l  spec i f i 
ca l l y occur  a s  a res u l t  of  t h e  p roposed a c t i o n .  For a d i scu s s i o n  of the effec ts o f  the con
s t i tuents on  aqua t i c  b i ota , see Sect ion  5 . 6 . 1 . 2 . 

Coa l s torage p i l es a re occa s i o na l l y  s p rayed by m i scel l aneous chemi ca l s  ( see Sec . 5 . 4 . 3 . 1 ) for 
dust contro l . Most of these a re tox i c  orga n i cs ( e . g . , phenol , ether , or ethy l ene g l ycol ) ,  but 
the amounts  u sed a re sma l l enough that 1 i tt l e of the mater i a l  is added to s u rface wa ters . Tox i c  
effects t o  aquat i c  b i o ta o f  these compounds i n  s i tu have n o t  been d i s t i ng u i s hed from the effects 
of the o ther contami nants ( Dvorak et a l . 1 977 ) .  

5 . 6 . 4  Combu s t i o n  

5 . 6 . 4 . 1  Terrestri a l  

Gaseous Emi s s i ons  

Leve l s of  emi s s i ons  o f  S02 wi l l  i ncrease under the  proposed  a c t i on , but the �axi mum i nc rease by 
1 990  i s  expected to be l ess than 2 . 5 �g/m' i n  mos t  dreas ( F i g .  5 . 5 ) .  T he l argest  e ffect s  a re 
expected i n  parts o f  Demand Reg i ons I V ,  V I , and VI I .  Even i n  these reg i ons  the changes i n  a i r  
qua l i ty d u e  to the program a re very sma l l rel a t i ve to the effects o f  base-case i ncreases i n  coal  
combus t i on ( cf .  Sec . 5 . 2 . 4 ) . 

Thresho l d  l evel s of S02 a s  l ow a s  470 yg/m3 have been reported to i nj u re p l ants  dur i ng chro n i c  
exposure ( Mu kamma l 1 976 ) . An i ma l s a re l ess  sens i t i ve t o  S02 ; they exh i b i t  c hron i c  exposure 
res ponses a t  l evel s a bove 1 3 , 000 �g/m3  ( U . S .  Departmen t  o f  Hea l th , Educat i on and  Wel fare 1 96 9 ;  
Dvora k et  a l . 1 978 ) .  
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I t  seems probabl e that , in  n atural ecosystems exposed to S02 from a coa l -fired p l ant , vegeta t i on 
wi l l  be t he f i rst major b i o t i c  component to exh i b i t  pol l ut i on i nj ury symptoms , i f  they occur .  
The  a n i mal  component may be i mpacted i nd i rectly by effects on  vegetat ion . Herbi vores are l i ke ly  
to  be  the f i rst  trop h i c  l evel affected s i nce  they are  dependent on vegetat ion  for  both food and 
hab i tat . Depend i ng  on  the sever ity of t he i mpacts to vegetat i on ,  gaseous po l l utant effec ts 
cou l d  el i c i t  c hanges in h i gher troph i c  l evel s as wel l .  

Increased coal  u t i l i zat i o n  due to convers i on to coal shou l d not have maj or effec ts upon veg eta
t i on , even i n  Reg i on V I .  By 1 99 0 ,  i ncreased coal use  due to the proposed act ion i n  these 
reg i ons  wi l l  resu l t i n  i ncreased amb i ent  average concen trati ons of S02 by an i nc rement of l ess  
than 2 . 5  �g/m3 , wel l bel ow l evel s t hat are detrimental to b i o ta .  

L i chens and other l ower p l ants have been s hown to be part i c u l arly suscepti bl e to ga seous pol 
l u tants ( LeB lanc  and Rao 1 97 5 ;  Hawksworth and Rose 1 976 ) .  Some spec i es are i ntol erant to ambi ent 
l eve l s  of S02 of 1 3  wg/m 3 on  an annua l  average .  Di srupt ion  of th i s  fl ora can i nterfere wi th  the 
nutri ent recycl i ng pathways , res u l t i ng i n  the retent i on of nutri ents in unava i l a bl e ,  orga n i c  
forms . I n  semi -ar id  and a r i d  sec t i ons  of the wes t ,  l i c hens and fung i are i mportant  factors i n  
b i nd i ng so i l s  a nd reduc i ng w i nd a nd water ero s i on . I ncreased uti l i zat ion  of coal  due to the 
prog ram wi l l  proba b ly  not be s uffi c i ent  to reduce the s i ze of sens i t i ve popu l a t i ons of l ower 
pl ants i n  most areas ( Sec . 5 . 2 ) . I n  parts of Reg ions  IV , V I ,  and V I I ,  i nc reases i n  amb ient  
concentrati ons of S02 rel ated to t he propos ed act i on may be  as h i g h  as 2 . 0  Wg/m3 by 1 990 .  Th i s  
cou l d  have i mpacts on  some l ower pl ants i f  ambi ent concentrat ions  are al ready near the 1 3  Wg/m3 
thresho l d .  

The photochemi cal  oxi dants , i nc l ud i n g  ozone ( 0 3 ) and n i t rogen d i ox i de ( N02 ) ,  are secondary pol 
l u tants deri ved from combu s t i on emi s s i on s .  N i tr i c  oxi de i s  the major  coal combust i on emi ss i on 
contri but i on to these photoc hemi cal ox idants . As w i th  other pol l utants , the sens i t i v i ty of 
b i ota to the ox idants var i es greatl y among spec i e s .  Some sens i t i ve pl ants have been s hown to 
exh i b i t  patho l og i ca l  res ponses dur ing  c hron i c  expos ure to l eve l s  as l ow as about 1 00 wg 03 /m3 
ana about 60 wg N02/m3  ( Nat i onal  Resea rch Counc i l  1 977 ; Heck and Brandt 1 977 ) .  Laboratory 
an ima l s are l ess  sens i t i ve and  have shown patho l og i ca l  res ponses dur i ng  chron i c  exposure to 
l evel s as l ow as about 500 ug 0 , /m3 and 1 000 ug N02 /m3 ( Na t i ona l  Research Coun c i l  1 977 ; Coff in  
and  Stoc k i nger 1 977 ) .  

0 

On a reg i on a l  bas i s , i t  i s  i mposs i bl e  to as sess the degree to wh i ch  i ncreased coal combust ion  
under FUA w i l l  affec t ambi ent concentrati ons of photochemica l  ox idants . The concentra t i on of 
these secondary pol l utants are h i gh l y  dependent upon s i te and t i me spec i f i c  factors wh i ch regu
l ate the  rate of thei r producti on . The  factors i n c l ude : l ocal  meteoro l og i cal  condi t i ons , 
i nc i dent s o l a r  rad i at i on , and l ocal  a i r  qua l i ty .  Therefore , al though  there may be s i te-spec i fic  
impacts i n  b i ota from photochemi cal  oxi dants produced i n  response to  impl ementat ion  of FUA , the 
extent to w h i c h  th i s  w i l l  occur cannot be as ses sed at the programma t i c  l evel . 

Ac i d  Prec i pi ta t i on 

Ac i d  prec i p i ta t i o n  affects terrestr i a l  ecosystems through mod i f i ca t i on of so i l  pH and d irect 
impacts upon the vegeta t i on . Lower i ng the s o i l  pH decrea ses the cat ion  exc hange capac i ty of the 
s o i l  a l l owi ng some cati ons to be read i l y  l eached from the so i l  ( Brady 1 974 ) .  Low pH i ncreases 
the ava i l a bi l i ty of some meta l l i c i ons to p l ants , pos s i b ly  exacerba t i ng tox i c i ty probl ems , and 
l owers the a va i l ab i l i ty of phosphorous , wh i c h is freq uently a l im i t i ng el ement for p l ant  g rowt h .  
Ac id  prec i p i ta t i on c a n  a l so i n h i b i t  t h e  acti v i ty o f  so i l  mi croorg a n i sms , accel erate l each ing of  
nutr ients from fol i age , i n h i b i t  germ i nat i on , i nj ure fol i ag e ,  a nd depress pl ant g rowth ( Dvora k 
et al . 1 978 ) .  

The proposed act i on i s  expected o n  a nat i onal  and  reg i onal  ba s i s  to add on ly  a sma l l  amount of 
su l fur ox ides to the base-case concentrati ons except i n  h i g h l y  l oca l i zed s i tuations  ( c f .  Sec . 5 . 2 ) , 
and wou l d ,  therefore , be a m i nor contri butor to reg i onal  probl ems of ac i d  prec i p i tation . Thus , 
the impacts to terres tri a l  b i ota are expected to be sma l l .  

Part i cul ate Emi s s i ons 

D i rect dus t i ng of organi sms by part i c u l ate emi s s i ons  can produce adverse effects ( Lerman and 
Dar l ey 1 975 ) .  On vegeta t i on , stomata can be occ l uded by part i c u l a tes , d i srupt i ng the ga seous 
exc hange pattern s .  I n  add i t i on , dusti ng c a n  mod i fy l eaf absorpt i on o f  i nc i dent so lar  rad iat ion ,  
reduc i ng photosynt hes i s  and i n h i b i t i ng heat exchang e .  Part i c u l ates i n ha l ed by anima l s adsorb to 
the gaseous exchange surfaces and i rri tate or  damage the t i s sues . T h i s  can reduce the effect i ve
ness of gaseous exchange between the a i r  and the body f l u i ds of the orga n i sm .  

Mos t studies  of impacts from dust  have been concerned wi th  cement k i l n  a nd  l imestone dust . 
Effects on vegetat i on have been reported for dustfa l l rates as l ow as 365 g/m2/day ( Lerman and 
Darl ey 1 97 5 ) . Equat i ng the effects of cement k i l n  dust  w ith  those of f l y  a sh  i s  tenuous because 
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of the di fferences i n  chem i ca l  compos i t i on . However , a compari son does suggest that the fal l out  
due  to  impl ementat ion of the proposed action ( Sec . 5 . 2 . 4 )  shou l d  not  reach threshol d l evel s for 
whi c h  phys ical  d i sruption of vegetative  funct ion has been noted . Nor do the predi cted concen
trations at  ground l evel approach l evel s known to i nduce pul monary dysfuncti on after chron i c  
exposure . Even i n  Reg ion V I ,  i ndustrial  pl ants shou l d  be suff i c i ently d i spersed to reduce 
dustfal l to nonharmful  l evel s .  

Many of the consti tuents of f l y  ash  can b e  toxi c  i f  assimi l ated i n  suff i c i ent amounts ( Berry and 
Wal l ace 1 974 ; Hei t 1 977 ) .  Dvorak et al . ( 1 978 )  prov ide an exten s i ve d i scuss ion of the potential  
effects of the tox i c  el ements i n  f ly  a s h .  They al so d i scuss  several model s o f  trace el ement 
depo s i t i on around model power g enerating  stations .  Trace el ements began to pose a threat to 
biota only if the model s  a s sumed maximum rates of accumu lat ion in the soi l and maximum upta ke by 
vegetat ion . A maj or rol e i n  the impacts from trace el ements was pl ayed by the endogeneous  
concentrations of the el ements i n  the soi l ;  g reatest impacts were expected when so i l  l evel s of 
trace el ements a l ready a pproach toxi c  concentrations .  

I ncreased emi s s ions  of  trace el ements due  to  the  program probably  wi l l  not  be a serious probl em 
on the whol e .  Effects o f  the convers ion probably  wi l l  i ncrease ambient particul ate l evel s by no 
more than 1 . 0 �g/m3 ( Sec . 5 . 2 . 4 ) , much l es s  than expected for the model pl ants d i scussed a bove .  
Depos i ti on rates s hou l d  b e  wel l be l ow those expected to create probl ems o f  trace el ement tox i c i ty .  

5 . 6 . 4 . 2  Aquat ic  

Onl y  the  effects of  combustion on aqual i c  habi tats pecul  i ar  to  coal as  an energy source wi l l  be  
cons idered in  t h i s  section . Effects common to a l l  fuel -dri ven generating  stations and MFB I s  
( e . g . , entra inment and impi ngement ) wi l l  not be d i scussed .  The major sources o f  impact that 
occur to aquati c  envi ronments as a resu l t of coal combustion are acid prec i p i tat ion and trace 
metal deposi t i on ( Dvora k et a l . 1 977 ) .  

The biotic  consequences of l oweri ng the pH i n  surface waters due to acid  prec i p i tation are 
h i g hl y  s i te-speci f i c  and depend on ( l ) how much the pH i s  l owered , ( 2 )  the exi stence,  if any , of 
other stresses  on the system , ( 3 )  the b i otic  a s sembl ages a l ready present in the affected area , 
( 4 )  the pers i s tence of the acid  p rec i p i tation ( seasona l i ty ,  frequency ) and the potentia l  for the 
commun i t ies  to recover between pH  " i nsul ts , "  and ( 5 )  the reg ional geochem i s try. I n  general , the 
g reatest damage to communi ty compos it ion ,  popu lat ion s i zes , and other eco log i ca l  parameters 
occurs when the pH s h i fts from neutral or a l ka l i ne to a permanent ac id  cond i tion ( Hynes 1 97 1 ) .  
Shi fts of th i s  nature are g enera l l y  accompani ed by s harp drops i n  producti v i ty ,  the magn i tude of 
wh ich  is proport ional to the s h ift magn i tude. Al though certa i n  commun i t i es may actua l l y  exper i 
ence i ncreases i n  d i ver s i ty wi th a l owered p H  ( e . g . , the phytop lankton ) ( Brock 1 966 ) , most 
experi ence reductions in the n umber of taxa ( Beami sh  and Harvey 1 972 ) .  F i s h  are parti cul ar ly  
sen s i t i ve to  pH s h i fts  bel ow a bout 5 . 5 ,  and  n�n-i nduced val ues bel ow thi s  have been assoc iated 
with s harp drops i n  f i s h  production or v i rtual f i s h  ext i nction ( e . g . ,  i n  the Adi rondacks ) 
( Cogbi l l  and Li kens 1 974 ) .  Other effects of l owered pH on aquatic b iota are d i scussed i n  Sec
tions  5 . 4 . 4 . 1  and 5 . 6 . 1 . 2 .  

I f  the p H  s h i fts  occur rel a t i ve ly  i nfrequentl y ,  there may be few d i scern i bl e  effects on eco
l og i cal  parameters because short-term exposure may not affect the organi sms or the damage may be 
compensated for by recrui tment or reproduction  ( Hynes 1 971 ) .  

Areas i n  the Uni ted States whi ch  are projected to receive the greatest impact from i ncreases i n  
ac id  rai n  are  d i scussed i n  Sect ion 5 . 4 . 4 . 1 .  Sect ion 5 . 3 . 4 . 2  i nd i cates that one  area i n  part icu
lar ,  t he  southern Texas coa s t ,  may experi ence acid  ra i n  a s  a res u l t  of the  proposed action ( th i s  
area does not receive a n  apprec iabl e amount at  th i s  time ) .  Quantif ication of the potential  
probl em is  not  possi bl e .  Howeve r ,  the ea stern one-thi rd o f  th i s  area conta i ns rel ati vel y soft 
surface waters ( l es s  than 60 mg/L total hardnes s ,  as CaC0 3 ) ( Sec . 4 . 6 . 2 )  and , therefore , wou l d  
be potential ly  vu l nerabl e to ac id  ra in  impacts . 

Al though the add i t ion of trace metal s to aquati c envi ronments from the depos i t i on of a i rborne 
combustion effl uents represents a potential  prob l em ,  it is not genera l l y  cons idered to be of 
major concern ( Dvorak et a l . 1 97 7 ;  Van Hook 1 978 ) .  The quant it ies deposi ted are usual ly  several 
orders of magn i tude l es s  than the amounts added from other sources .  Therefore aquatic  impacts 
from trace e l ement deposi tion due to the proposed action wi l l  be neg l i g i bl e .  However ,  any 
incremental add itions  i n  areas a l ready near prob lem l evel s can res u l t  i n  detrimental effects . 

5 . 6 . 5  Waste Col l ection and Di sposal  

5 . 6 . 5 . 1  Terrestrial  

A certa i n  amount of l and may be wi thdrawn from use by nati ve b i ota at  l east temporari l y ,  i n  
order to d i spose o f  the sol id  wa stes from coal combust ion ( cf .  Sec . 5 . 5 . 5 ) .  I n  Reg i on V I , by 
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1 985 , approximatel y  422 to 633 hec tares ( 1 042 to 1 563 acres ) of add i t i onal  l and per year wi l l  be 
requ i red to d i spose of combu stion  wa stes ; by 1 990, 769 to 1 1 54 hectares ( 1 901 to 2851 acres ) wi l l  
be requ ired annual l y  ( Sec . 5 . 5 ) . Many converted pl ants wi l l  have l i ttl e space for waste d i s posa l , 
part icu l arly i n  u rba n s i tes . Sol i d  wa stes wi l l  then most l i ke ly  be transported offs i te for 
di sposal i n  l andfi l l s .  New p l ants may be abl e to acqu i re suff ic ient  l and for wa ste di sposal 
ons i te , part i cu l ar ly  if they are to be l ocated in rural area s .  Preemption o f  l and for waste 
d i sposal wi l l  remove that area from ava i l ab l e  hab i tat for use by wi l d l i fe .  Most  o f  the d i sposal 
wi l l  occur a l ong the Gu l f coast , where coastal pra i r i e ,  oak- h i c kory forests , p i ne forests , 
broadl eaf. evergreen fO I'ests , and wet l ands are the major  b i o t i c  commun it ies presen t .  D i sturbance 
of the forests for l andfi l l  cou l d  remove these areas from use by forest wi l d l i fe for several 
decade s .  Bur i a l  o f  the waste under suff i c i ent so i l  shou l d perm i t  revegetation  and eventual  
reestabl i shment of some wi l d l i fe hab i ta t .  

I n  the pas t ,  wet l ands areas wou l d  have been part i cu l arl y attract ive s i tes for d i s posal of  com
bust ion  wastes ( Dvorak et a l . 1 978 ) . There i s  a tendency for l ow wet l andS to be used for waste 
d i sposal becau se l i ttl e excavati on i s  requ i red pr i o r  to depos i t i on of the was te , and drai nage 
from depos i t i on s i tes is l ess  than in h i ghl ands . The acce l erated u rban i zat i on a l ong the Gu l f  
coast has removed much of the wet l ands habi tat i n  Demand Reg i ons  I V  and V I .  Because they are an 
i nterface between terres tr i a l and aquat i c  sys tems , wetl ands conta i n  a di vers i ty of s pec i es .  
Many spec i es are u n i quely adapted to l i fe i n  th i s  ecotone , e . g .  mangroves and several ha l ophytes . 
These commun i t i es prov i de habi tat for a number of waterfowl and spec i es of tropical  ori g 'i n .  The 
Pres ident ' s  Execut i ve Order No . 1 1 990 requ i res that wetl ands be protected from further degrada
t i o n .  Because i mpl ementat i on o f  the proposed act i on wi l l  have to comp l y  w i th th i s  O rder and 
appropri ate req u i rements of the Federal Water Po l l u t i on Contro l Act ( 33 USC 1 25 1 , P�b . L .  92-500 ) , 
i ncreased waste d i s posal due to the proposed action shou l d  have negl i g i b l e  i mpact upon wetl and 
commun i t i es .  Regu l at i on promul gated under the Resource Conserva tion  and Recovery Act of 1 976  
( Pu b .  L .  94-580 ) and other l aws i n  accordance wi th th i s  order may mi t i gate i mpacts of  waste d i s 
posal �pon wetl ands . The  EPA ' s  proposed g u i del i nes for hazardous waste d i s posal  cal l for  the 
protec t i on of wetl ands ( USEPA 1 978 ) .  

Bottom ash  and f ly  ash  conta i n  a number of trace-el ements ( App . E ,  Tabl es E . 1 3  and E . 1 4 ) . Al l 
are toxi c  to b i ota i f  they are encountered i n  h i g h  enough concentrations  ( Berry and Wal l ace 
1 974 ) . Many of these el ements are d i ssol ved or  s uspended in the l i quor of the storage pond . 
Runoff from these ponds cou l d  i ntroduce these trace el ements i nto the surround i ng so i l  ( US EPA 
1 977 ) .  Runoff occurs i f  the i mpoundment i s  unabl e to conta i n  excess i ve ra i nfal l and runoff or 
i ts d i kes are poorl y constructed . Overfl ow or wa shout of the d i kes cou l d  resu l t i n  extreme 
eros ion  of ne ig hbori ng so i l s ,  and the destruction of herbaceous  vegetation  and the l ess  mo bi l e  
an ima l s i n  the pathway of fl ood i ng . I n  addi t i on , wa shout wou l d  resu l t i n  the depo s i t i on of 
trace el ements found i n  the pond l i quors . The depos i ti on of l arge q uant i t i es of potent i a l l y  
toxi c  el ements i n  the soi l poses a threat to the b iota occupy i ng the area . The occu rrence o f  
rai ns suff i c i ent t o  overfl ow storage ponds i s  l ess  l i kely i n  Reg ion  I X  than i n  the eastern and 
southea5tern reg i ons  in wh i c h  most of the convers ion  i s  expected to ta ke pl ace . 

Another pathway by wh i c h  toxi c  el ements may be rel ea sed from the impoundment i s  the i nvas i on of  
marsh  veg etat ion  or use of  the  pond as  a water i ng source by wi l d l i fe .  I r, the sem i -ar i d  sections  
of Reg ions  VI  and I X ,  an open  body of  water wou l d  be  part icu l ar ly  attract i ve to  wi l d l i fe .  
I ngestion  o f  the water or  o f  the vegetation  cou l d  i n tl'oduce tox i c  el ements i nto the l ocal food 
web .  The probabi l i ty i s  1 0\'1 that such a pathway wou l d  c hannel l arge quant it ies  o f  tox i c  el ements 
i nto the food web .  As w i th s l urry ponds for coal m i n i ng was te ,  the nox i o us q ua l i ty of the 
l i quor and prec i p i tate s hou l d  d i scourage establ i shment of marsh  vegetation and repeated use of 
the water by i�i l d l  i fe .  Proper control measures can be ta ken dur ing  the l i fetime of  the pond to 
prevent the i nfl ux of vegetation  or wi l dl i fe .  After the pond i s  fu l l ,  proper dewater ing , bur ia l , 
and revegetat ion shou l d  reduce the movement of el ements from the was te .  

Even i n  the best-des igned i mpoundments , some seepage can occur through the s ides and bottom o f  
storage ponds ( USEPA 1 977 ; Dvol'ak e t  a l . 1 978 ) . Th i s wi l l  transport tox i c  e l ements i n to tile 
so i l s  surround i ng the impoundment .  The rates at whi c h  seepage wi l l  transport e i ements from the 
s l udge- or ash-d i sposal s i tes i s  dependent upon a numbel' of factors , i ncl ud i ng permeabi l i ty 
of the impoundment materi a l s ,  concentration and chem i ca l  form of the el ements i n  the l each�te, 
pH of the l eac hate , and the physi cal and chem ica l  propert ies  of the so i l . 

5 . 6 . 5 . 2  Aquatic  

Sect ion  5 . 4 . 5 . 1  conta i ns a d i scuss i on of the  effl uent composHlon resu l t i ng from waste co l l ection 
and d i sposa l and of  the water qua l i ty effects resu l ti ng from the rel ea se o f  thi s mater i a l . I n  
qeneral , the materi a l  i s  c haracteri zed by h i g h  concentrat ions  o f  trace contam1 nants (meta l s ) , 
h i g h  pH l evel s ,  a h i g h  c hemical  oxygen demand , and hi g h  d i s so l ved and s uspended sol ids  l evel s .  
Al though sma n routine  rel eases are common from waste tt'ea tment ponds , the major impacts tha t 
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occur from th is  materi a l  resu l t  from acci dents ( pond fa i l ure or overfl ow and sp i l l age during 
transport ) ( Sec . 5 . 4 . 5 ) .  Such events can create enormous stresses on rece i v i ng waters ; the 
impact can be severe enough to exti rpate v i rtua l l y  a l l organ i sms for some di stance from the 
fac i l i ty ( Dvorak et a l . 1 977 ) .  

The severity of the effects i nduced by trace metal rel eases i s  dependent on the concentrations  
produced i n  the recei v i ng waters , the pH ,  the presence of other ions  ( e . g . , ca l c i um and magne
s i um ) , and the organ i sms exposed . The e l ements are essenti a l l y  the same as those encountered i n  
m i n e  drai nage and mine  proces s i n g ,  but the rel at ive quant i t i es may b e  d i fferent ( Sec . 5 . 4 . 5 . 1 ) .  
Section 5 . 6 . 1 . 2  conta i n s  a d i scuss ion  of trace meta l effects on  b i ota . 

Leve l s of  pH of 1 1  or g reater can be i nduced i n  recei v i ng waters from waste effl uents ( Sec . 5 . 4 . 5 ) . 
In some cases , the effects produced may be m i n ima l  ( espec i a l l y  i f  the change i s  ep i sod ic ) ;  many 
h i gh ly  producti ve surface waters natural l y  obta i n  pH va l ues of 1 0  or greater during  acti ve 
photosynthes i s  ( Fogg 1 97 5 ) . Prol onged h i g h  pH l evel s or  extremely h i g h  l evel s resul t i n  drast ic  
drops i n  spec ies d i versi ty and  producti v i ty ( Hynes 1 97 1 ) .  Al though a few orga n i sms ( c h i ef l y  a 
few a l gae and i nsect l arvae )  can survi ve at va l ues as  h i g h  as 1 3  ( Hart and Ful l er 1 974 ; Broc k 
1 966 ) ,  f i s h  sel dom exi st i n  waters cont i nua l l y  above pH 1 0  ( Bennett 1 970 ) . The phys i o l og i ca l 
bases for i ntol erance of  h i g h  pH l evel s are not wel l  understood for many orga n i sms . However , 
some of the factors i nc l ude tox i c i ty of  OH- ( by enzymat ic  i nactivation or ion transport a l tera
t i o n )  and the i nab i l i ty of some autotrophs to use HC03

- or C03
2 - in l i eu of free CO2 in photo

synthes i s  ( l i tt l e  free CO2 i s  ava i l ab l e i n  surface waters at h i g h  pH l evel s )  ( Soeder and Stengel 
1 974 ) .  

A few consti tuents i n  the was te mater i a l  ( no tab ly  cal c i um sul f i te )  can create a h i g h  chem i ca l  
oxygen demand i n  recei v i ng waters ( Sec . 5 . 4 . 5 ) . T h e  resu l t i ng l owered oxygen l evel s can produce 
mas s i ve mortal i ty of sen s i t ive spec i es ( e . g . ,  most sport f i s h )  even if the di scharge event i s  
short- l i ved ( Nati onal Academy of Sci ences , Nat i ona l Academy of  Engi neeri ng 1 973 ) . Low oxygen 
l evel s can a l so resu l t  in g reater trace el ement avai l ab i l i ty ( and , therefore , tox i c i ty )  and can 
favor the production , by reduct i ve chem i ca l  processes , of other tox ic  compounds such as ammo n i a  
and hydrogen sul fide ( Nat ional  Academy of Sc i ences , Nati ona l Academy o f  Eng i neer i ng 1 973 ) .  

The effects produced by h i g h  d i ssol ved sol ids  and h i g h  su spended sol i ds  are essent ia l l y  the same 
as those d i scussed i n  Section  5 . 6 . 1 . 2 .  

Because the effects from waste effl uents are h i gh l y  s i te spec i f i c ,  i t  i s  not poss i b l e  a t  th i s  
t ime to be more spec i f i c  about the impacts that wi l l  res u l t from the proposed acti on . 

5 . 6 . 6  Endangered Spec i es 

Increases i n  coal uti l i zat ion as a resul t of the proposed acti on have the potent ia l  to further 
threaten severa l of the spec ies l i sted in Appendix  J .  Hab i tat  destruction and tox i c  emi ss i ons  
stand out  as primary reasons for decl i ne of species threatened w i th extincti on . Both  of  these 
facto rs can res ul t from vari ous acti v i t ies i n  the coa l fuel cycl e  and cou l d  contri bute to the 
dec l ine of a spec i e s .  

5 . 6 . 6 . 1  Terrestri a l  

Terrestrial  endangered spec i es ,  with  the exception  of  a few spec i es of raptors , are threatened 
because of habi tat destruction . Coal m i n i ng ,  espec i a l l y  i n  remote area s ,  may affect a few of 
these spec i es . Habi tat of  the I nd iana bat a nd ea stern cougar cou l d  be affected by strip m i n i ng 
i n  the eastern Uni ted States . Potenti a l l y  affected western spec ies  i nc l ude the g ray wol f ,  Utah 
pra i ri e  dog , red-coc kaded woodpecker , and ba l d  eag l e .  W i t h  proper s i te cons ideration , no impacts 
s hou ld  resu l t .  

Effects o f  a i rborne pol l utants wi l l  b e  fel t to some extent o n  pl ant species . Al thoug h no ex i st
ing l i sted pl ant spec ies cou l d  be affected by thi s  acti on , some of  the over 2000 proposed 
endangered p l ants cou l d  be affected . It  is un l i ke l y  that a i r  pol l ution  wi l l  have a serious  
effect on  habi tats of  endangered terrestri a l  an ima l spec i e s .  

5 . 6 . 6 . 2  Aquati c  

Endangered and threatened aquatic  spec ies are often pr i nc i pa l l y  imper i l ed by hab i tat destruction , 
such as occurs from sed imentation  from stri p m i n i ng ( see Sec . 5 . 6 . 1 . 2 ) .  As wi th  a l l bi ota , 
however , they may be affected by tox i n s  or pH changes , and each spec ies  ha s d i fferent to l erance 
l evel s  for each parameter . M i n i ng i nduced by the proposed action  i s  proj ected to be l arge ly  
concentrated i n  central and southern Appa l achia  and  i n  the  western Uni ted States ( Sec . 5 . 4 . 1 ) .  
Because these are areas that a l so have the g reatest sed imentation prob l ems assoc i ated wi th 
mi n ing ( Sec . 5 . 6 . 1 . 2 ) , the potent ia l  exi sts for the destruction  of some endangered spec i es .  
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Th i s  is  part i cu l arl y  true of  the southern Appal achian area where n umerous  endangered and 
threatened fi s h  and mol l us ks have been i den t i f i ed (App . J ) .  Coal ut i l i zation  might al so con
tri bute to the dec l i ne of some spec i es , part i c u l arly from waste di sposal effl uents . However , 
the poss i bi l i ty of affec t i ng any endangered spec i es wou l d  be more predicta bl e ,  and, thus , proper 
management  mi ght  prevent any impacts . 

5 . 6 . 7  Wi l d  and Scen i c  Ri vers 

The i ntent of the W i l d  and Scen i c  R i vers Act i s  descri bed in Section  4 . 3 . 2 ,  and those r iver 
segments currently desi gnated under th i s  act are l i sted i n  Tab l e 4 . 4 .  The Act st i p u l ates that 
each desi gnated r i ver segment mai nta i n  the same qua l i ty wh ich  prompted it to be des i gnated 
i n i t i a l l y .  The d iffuse nature of mi n i ng i mpacts and of some of the coal combu stion  effects i s  
such that protect i on o f  these ri vers from coa l fuel cycl e  impacts may be d i ff i cu l t .  I t  i s  not 
poss i b l e  to pred ict  whi ch r i vers wi l l  potenti a l l y  be impacted becau se of the proposed act ion . 
However ,  those l ocated near or i n  the areas expected to experi ence the greatest coal mi n i ng 
s h i ft ( central and southern Appa l achia , the western Uni ted States ) and coa l combus t i on s h i ft 
( s outhern Texa s )  wou l d  l i ke ly  requ ire the most effort to avoid a l teration . T h i s  wou l d  i nc l ude 
segments of  the Mi s souri R i ver ; the R i o  Grande R i ver ; the L i tt l e  Beaver , L i tt l e  Mi ami , and New 
ri vers i n  Oh i o ;  and the Obed R i ver i n  Tennessee . 

5 . 7  HI STOR I CAL AND ARCHAEOLOG ICAL S ITES AND NATURAL LANDMARKS 

5 . 7 . 1  M i n i ng and Mine  S i te Processing 

Many of the h i stori cal s i tes l i sted i n  the National Reg i ster are associ ated with coal m l n l ng 
towns or are near recoverabl e seams and cou l d  be affected . However , m ine  operators seeking  a 
Federal perm i t  are requ i red to l ocate and avoid  a l l l i sted and potentia l  h i storic or archae
o l og ical s i tes ( 36 CFR Part BOO ) . Al though a few graves i tes , m i ne s hafts , or other potent ia l  
s i tes for i nc l u s i on i n  the  National Reg i ster may be  destroyed by mi n i ng that resu l ts from 
i ncreased coal u se caused by thi s act i on ,  l i tt le  ( i f  any ) s i g n i f i cant l os s  of h i storica l  resources 
i s  expected . Al so , natural l andmarks wi l l  be l ocated and avoi ded on  m i n i ng projects seeki ng 
federal perm i t .  L i ttl e i mpact i s  expected . 

5 . 7 . 2  Transportation  

New transportation routes wi l l  avo i d  h i s tori c  s i tes and  natural l andmarks ( see Sec . 5 . 7 . 1 ) . 

5 . 7 . 3  Storage and Ons i te Process i ng 

No effects  on h i storic or archaeo l og i c  s i tes  and natural  l andmarks are expected from storage and 
ons i te proces s i ng . If during excavati on of storage areas the d i scovery of h i storic or archae
ol og ic art i facts i s  poten ti a l , a m i t i gation  p l an and the protection  of any uncovered art ifacts 
i s  requ i red ( 36 CFR 1 00 ) . 

5 . 7 . 4 Combustion  

Emi s s ions  of coal combustion , especia l l y  ac id ic  and  parti cul ate emi s s i ons , are known to  mar and 
damage o l d  masonry or s tone s tructures ; ac id prec i p i tation  i s  known to increase the ero s i on rate 
of such structures . An effect of thi s  act may be to deg rade such structure s ,  part icu l arly c l ay 
or adobe structures , i n  Demand Reg ion  V I .  

5 . 7 . 5  Waste Col l ection and Di sposal 

Properly s i ted d i sposal areas wi l l  have no effect on h i stor ic  s i tes or natural l andmarks ( see 
above ) .  

5 . B  SOC IOECONOM I C  I MPACTS 

Overal l  economic  i mpacts of the FUA were not eval uated i n  thi s envi ronmental analys i s ;  however , 
i n formation on the cost of the FUA can be found i n  thi s document :  Ana l ys i s  of the Proposed U . S .  
Department of Energy Reg u l ations Impl ementi ng the Powerp l ant and I ndustri al  Fuel  Use Act ,  
DOE/ E IA-01 02/2 1 , Energy I nformation Adm i n i stration , November 1 97B .  
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5 . 8 . 1 

A "wors t-ca se"  a s s e S SliK·r;l ,  vi3 , iJe t  T c ' ,'lIk:U cO i nd i c: a  te the natu re a nd extent of soc ioeconom i c  
i mpacts that wou l d  o c c u r  j-; I,l i n e s  1'101'2 (;f, e n c:d i n  repres enta t i ve coal  m i n i ng count i es . Th i s  
asses sment i s  presen t.ed i 1', !\ppend L <  f; _  

The cou n t i es c ho s e n  f o r  -; r l! d v  V/e: i-'.., :; (' I e ( t ", j  h'vll, s e  t hey represen ted d i sparate reg i o n s  o f  the 
country (M i dwe s t ,  Appd l a c h i a ,  ;:; I id I hi r t hf'r n  (; r �: d t  P 'l a  i n s ) ,  because  these cou n t i es had been 
s tud i ed before and data Vi", ,oe d " a i i d) l e ,  a nd r)l:c,w s e  they are expec ted to be a ffected by the 
proposed act i on . 

No boom town i mpa c t s  a re to /poe ted due lr)  t'1e: p ropDsc:,d a c t i on . The wor s t-case  ana lys i s  presen ted 
in  Appen d i x  K i s  ba sed 0[1  i n d i v i d u a l  ! [ l i nes  p rodu c i n q a l l the coa -' needed to meet the i ncreased 
demand  due to the proposed a c t i on .  Al thcugh  t he ana lys i s  in Appen d i x  K refl ects rea l  i mpacts 
that  do occur in  c o a l  town s , t he �oJ l �eq� i red due to the proposed act i on is  extreme l y  d i s persed 
geogra ph i ca l l y .  P red i c ted i lTip d c ts ( Ap Phlci i x  K )  '"o u l d  n o t  b e  caused by t h e  proposed act i on e ven 
in  Texas ( 35 percent  i n c re('l s e  i n  p,- , lduc:t r u n )  ell' vJyom i n g ( 1 5  percent i n crea se )  beca use  the coal  
needed i s  l i ke l y  to cOllie hOln flU !:. "  i '1 ri i >t i ,jua l m i nes  e ve n v. i th i n  the same s up p l y  reg i on .  Coal  to 
meet  the demand due to tne p ropused a c t i nn w i l l  cons i s t  of coa l  w i th d i spa rate characte r i s t i cs 
from lTIany sear:lS for bo i 'l e t ', ',lhosE; i :-l d i l' i dUil ! COd "  demand viOu l d not  j us t i fy new m i nes  open i n g . 
I t  i s  more l i ke l y  tha t cOd l wi I I  be � rodu(ed f rom ex i s t i ng m ines  or m i ne expan s i on and w i t h  the 
wor k  forces that e i ther  a l read y  I i \'e I n  a n  a rea or  corne to an a rea  to sat i sfy ut i l i ty demand  for 
coal . The i mpac t s  p re s en te,l i n  /\ I ) i ! �'nd i ;� K .:i d  i -i l u s tra te ,  howe ve r ,  the soc i a l  and  econom i c  
i mpacts o f  mi n i ng  a s  t h e  dema n ci relY' cn,1i P ([) diict i on i ncreases . Th i s  ana l ys i s  a ttempted to 
s pec i fy the n ature o f  -i!])pa c t s , �, i rrn' :-FIP s e  i ll1,) d cLs cou l d  not be pred i cted at e i ther  the s i te
s pec i f i c  o r  prog rarnJr<l t i c  l ek l , 

The pr i n c i pa l  i mpacts of cOil l i ) (',, :j ! l ct l l)(I on LCdl  qovernrnen t  deve l oped i n  the wors t-case examp l e  
wou l d  b e  i n  educa t i on expef ld i t " n, s , Uti!e !" i ,l , ,) a c t s  d ffe c t s o c i a l  serv i ce del i ve ry p ri ma r i l y .  
The genera l  obsen'dt i un o n  t rlt' d," t r' l i . len :;J I . t ', pects o f  s u c h  i ncreased p u b l  i c  service  i mpacts i s  
that  the revenues fy'DIli C D d '1 produd i ()(. a t,: ! I > ud ! l y  d Vci i l a b l e  a fte r the boom e ffec ts have a l ready 
occurre d .  

Th i s  sec t i on i s  a d i S C lJ '; :, i (jil 0 "  ,j ' L:, (' I " I. -i ' · ' " L O U I i'(j',.awa y f l ue g a s  des u l fur i zat i on sys tems and  
the soc i oeconomi c prob l re i lb of  c ,) , . , i; u '; t i u" " iiJ :' Lr: d i s po sa l . Be c a use d i s pos a l  p rob l ems for bo i l ers 
used for genera t i n g  e l ectr i c i ty ,I i f fe r  f , 'nm t h o � e  f o r  bo i l ers u sed for p roce ss  and s pace hea t ,  
the two types o f  p r o b l eli ls H i 'l ]  i I' l -i ,; ( w, '; ", :i " ,'pFa te l J ,  v. i th the forme r be 'i n g  p re sen ted fi rs t .  

5 . 8 . 2 . 1  S l udge D i s pusi't l l :: I I: ij ' - '  

Mo re than 90  percent o f  hG i h,y':, 1 M" ; ' i d n nvl fel l ope ra t i on i n  1 980 wi l l  use  l ime/ l i mes tone 
scrubbers ( n on rege nerilhh, I l r' til ,  ( " , :0 " a j' S, '!S t.C""S ) i n  those cases  whe re fl ue gas desu l furi za t i on 
( FGD ) i s  requ i re ':; .  Di a l  o f  L ' : ,, ,>: 'y ,c!iWCi n: p r c s e' t b  ma; ('r  d 'i sposal  p robl ems (Argonne 
Nat i on a l  L a bOl'atory 1 9  ) ,  id.lU l! t. [(i '_i " t ; , I� :, ,J f ( (", -1 burned pr'oduces one ton of  ilsh and s l udge 
( d ry ba s i s ) , mos t  o f  I1h i c I ,  l S  s l ',I<j.�c ': "' t i ti: ::; e t  a l . 1 9 7 7 ) . Al ternat i ve s  to l i me/ l i mestone 
FGD exi s t  but e i ther a re not  i n  u � e  o r  a re i n  t he demon s trat i on s tage ( PEDCO En v i ronmenta l  
1 97 7a ) . Regenera b l e  proce s s e �  cou 1 rl s u b � t dn t i d l l y  red uce wa s te d i sposa l  probl ems ; however , 
corrrnerci a l l y  cOilipe t i t i v2 t(: ')C IW i'dh k s j" ; ten.', , ' ( e  un l i ke ly  to p l ay a ro l e  i n  the U . S .  before 1 985 
(Argonne Na t i on a l  La bora ) " ( \' i 9 !f. ; (; 0' 1 '1'15 ( t IE I P ! ' e t  a -I .  1 97 7 ) . There a re on l y  e i ght  operab l e 
regenera b l e scrubber:; i n  t ht' LJ . �; ,  ' ) 'of!r,  ,H , il CC! ' 1; i 10('c i ,) '1 h il S i s  ( PEDCO 1 977a ) . For th i s  reason the 
p roposed a c t i on i s  l i ke -i y  l O l l iil9 : t  t l ie I ! (:eri fe'" :i u i t,, !J l e  ci i sposa l  s i tes for scrubbe r  s l udge . 

A 1 1 5-M\� coa l - f i red bo i l er :J S r : ,(! i _ ' ,2  tie l  ; ,'"U I [ _Oy'l! FGD  rnethod a nd a s u l fur-d i o x i de-reduct i on 
proces s of A l l i ed Cherl' i c a l  h d S  (, ' I f· , ';; 1 , ;! (1 '; a ,H'IT!O ! l s tl'a t i on pl a, n t ,  part ia l ly funded by the U . S .  
EPA , produc i r.g a boul 2 S  t o ;! :; 0 :  p lde f' -! !;" neii t" l s 'd fur  per day . The s u l fu r  i s  s h i p ped a s  a 
l i qu i d  and u s ed tD make s u l Fu" ; ·, (v i (i ,  -Uw j - q tl,ns !day of  sod i um sa l t  p roduced w i l l  a l so be 
so l d  i ndustr i a l l y  ( Fr i e(: L, �,,:!er I 9 '�' ) .  " he i) , ' 0 ': <: S ', �Ia s d2�; i gned to use a boll t  1 4 , 000 standard 
cubi c feet o f  natural 0ctS per l o ny lcn o f  ' � I fu r  produ c ed ( L i n k and Ponder 1 97 7 ) . Al s o ,  pro
duc t i on of  e l emental  �; !J l fu r  a ,;c:/oi '  S l i l :'(l r i �  a c i d  thro'Jgh FGD i s  not no\;' economi ca l ly  v i ab l e .  
But , i t  i s  poss i bl e  theY'p. 'll i l l  :i ; >  a ,l i llu('a � ed :ieMand for su l fur deve l o p i ng over the next two 
decades ( USEPA 1 976 ) . 

Mos t  su l fur' consumed i n  t h e  U , S . i s  l lseu to produce s u l fur i c ac i d ,  58 percen t of wh i c h  i s  con
sumed in the fert i l i zer i ndus tl'Y . Cons llmptwn for non-ac i d  pu rposes i s  a bout  1 2  percent . One 
model  pred i c t i ng d�nand s howed that 3 D0Ut  40 U , S .  bo i l ers produc i ng 3 . 3  m i l l i o n  tons of s u l fu r  
wou l d  s a t i sfy demand a n d  S · , l f , j i' ;, , ' i ces , ',1; 1  i L.i ,  m i '] h t  have r i sen , wou l d  n o t  ( USEPA 1 976 ) . A l though 
a demand o f  th i s  s o r t , i t  i t  U ' . J ( S at a l l ,  �a; no t soon affect conver s i on of ex i st i ng fac i l i t i es 
some new boi l ers are be 'i nS! i " s td l i c i  w i ': !! t tl', l>ic i l iild'1 - L_ord FGD ( Boyer iind  Pedroso 1 977 ) .  
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Despite these trends , scru bber s l udge is l i ke l y  to be a wa ste product and the FUA wi l l  i ncrease 
the pro b l em of d i sposal . At present there i s  no market for FGD s l udge i n  the Un i ted Sta tes . 

Some markets presently  be i ng i nvesti gated are:  l andfi l l  ( after f ixation ) ;  ferti l i zer (after 
extracti ng the su l fur as descri bed above ) ;  a cal c i um source for peanuts ( through gypsum ) ;  as an 
i ngred i ent  in road-base and pavi ng materi a l s ,  arti fic i a l  aggreg ates , and l i g htwe i g ht concrete ; 
and i n  portl and cement .  These a l l e i ther are experimental or have no proven market potenti a l . 
Further , the var iab l e chemical  and phys ica l  properties  of FGD s l udge , the h i g h  transporta t i on 
cost , dewater i ng requ i rements for many app l i cati ons , and i nab i l i ty to compete economi cal l y  wi th 
other mater ia l s are major deterrents to the use of fl ue-gas des u l fu r i zat ion s l udg e .  Even i f  use 
became poss i bl e ,  s l udge production wi l l  soon be so h i g h  only a smal l portion  cou l d  be marketed 
( Argonne Nati onal Laboratory 1 97 6 ) . 

For the near term , FGD s l udge d i s posal  wi l l  conti nue to be ponded or , after fi xat i on , put i n  a 
penni tted l andfi l l  ( Argonne Nati onal Laborato ry 1 976 ) .  Envi ronmental impacts from s l udge d i s 
posal i nc l ude the no i se  and s p i l l age from trucks , the cost of the l and for proces s i ng and 
dumpi ng the s l udge and as h ,  the cost of rec l a i m i ng the l and , the total  tonnages generated , and 
total acres needed for d i sposa l  ( s ee Tab l e  5 . 22 ) . The amounts of s l udge generated by three 
l arge coal u n i ts are estima ted i n  Tab l e  5 . 23 .  

Ta b l e  5 . 23 .  Commonwea l th Edi son Com�any Ca l cu l ated Wet Scrubber 
Waste D i sposa l , 1 972  

Boi l er 

S l udgeb Treated S l udge S l ag F l y  Ash % 
Cub i c  Yards Cub ic  Yards Cubic  Yards Cub i c  Yards Increasec 

Wi 11 Countye 792 , 000 946 , 000 78 , 0 1 8  1 07 , 350 452 

Waukeganf 72 1 , 000 827 , 000 44 , 1 24 1 48 ,092 379 

Jol ietg 1 , 404 !OOO 1 , 677  ,000 1 26 . 527  362 ,843 304 

2 , 9 1 7 , 000 3 , 45 0 , 000 258 , 669 6 1 8 , 825  

From Commonweal th Edi son ( 1 973 ) . 
aAs sumes scrubber i n  operation whenever un i t  i s  opera t i ng . 
bBased on 4% su l fur coal , 82% S02 removal eff i c i ency , 50% so l i d/50% water s l udge . 
cTreated s l udge - f ly  ash  i n  treated s l udge x 1 00 Bo i l er s l ag + fly a s h  
d 1 2 -cu-yd trucks , 24 hours per day . 
eBased on 1 , 083 MW ; capaci ty factor 48 . 74% ; S02 removal  on l y .  
fBased o n  946 MW ; capaci ty factor 50 . 78% ; S0 2 removal o n l y .  
gBased o n  1 , 695 MW ; capac i ty factor 55 . 2% ;  S02 removal on l y .  

Treated 
S l udge 

Trucks/hrd 

9 

8 

1 6  

Disposal  of fly ash  i n  s l urry ponds (as  opposed to sani tary or val l ey l andfi l l )  i s  common . T h i s  
i s  due  to  transport and  hand l i ng cost  sav i ngs . T he  fol l owi ng factors have i ncreased cost  and  
made the  s l urry opt ion  more d i ff i cu l t  to  impl ement ( American Soc i ety of C i v i l  Eng i neers 1 97 7 ) :  
i ncreas i ng i ns t i tut ional  requ i rements for undi sturbed buffer zones and f i l l  hei g ht req u i rements 
to control v i sua l  impac t ,  l es s  vol ume per acre , i mpermeabl e l i ners , and movement and sta bi l i za
t i on of f iner a s hes caused by h i g her-eff i c i ency removal  and i mproved coal preparati o n ;  more 
widespread requ i rements for rec i rc u l a t i ng water ; and reduct i on by s l urry method of the va l ue of 
ash for u se as  pozzo l an . 

The amount  of ash  used i n  1 975  ( 9 . 8  mi l l ion  tons ; see Tabl e 5 . 24 )  was three t i mes the amount i n  
1 966 , a n  i ncrease from 1 2 . 1  t o  1 6 . 4  percent o f  the tota l a s h  produced , s o  that a s  product i on 
i ncreases , usage may al so i ncrease , a l though more s l owl y .  A rough brea kdown of the end uses of 
a sh  is  g i ven in Tabl e 5 . 24 .  The exact end �se o f  about one-ha l f  the fly and bottom ash  i s  
uni dentif ied , but i t  was so l d .  

Some o f  the advantages o f  u s i ng f ly  ash  for cement i n  concrete construction  are ( 1 ) a decrease 
in cement cost from $30/ton to $6-$7/ton , ( 2 )  s horter pou r i ng and fi n i sh i ng t ime than for stan
dard concrete , ( 3 )  an energy saving ( 1 300 kWh/ ton ) requ i red to produce standard cement  v s .  
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Tab l e  5 . 24 . COlTlTIerc i a l  Uti l i zat ion of  Ash i n  the U . S .  in 1 975a 

( thousands of ton s )  

Use F ly  Ash Bottom Ash Bo i l er S l a g  

Type l -P cement 

Pa rt ia l  s ubsti tute fo r cement 

L i ghtwe i gh t  aggregate 

Stabi l i zation  and roads 

F i l l er in aspha l t mi x 

Ice control  

B l ast  gr it  and  roof granul es 

M i sc .  

Ash removal a t  no cost to ut i l i tyb 

Ash u t i l i zedbfrom d i s posa l s i tes 

1 97 5  tota l uti l i zed 

From Argonne Nati onal Laboratory ( 1 9 76 ) .  

225 

945 

90 

450 

1 35 

l BO 

1 , OBO 

1 , 395 

4 , 500 

70 

35 

525 

2BO 

420 

350 

B75 

945 

3 , 500 

aCompi l ed by the Nati onal Ash Assoc i ation  and Edi son E l ectric I nst i tute . 
bSpec i fi c  end use not known . 

36 

72 

54 

B64 

41 4 

270 

90 

1 , BOO 

nom i na l  kWh/ ton for cement made wi th waste f ly  ash , and ( 4 )  expan s i on of pl ant  capac i ty wi th 
practi cal l y  no i nvestment i n  new fac i l i t ies . 

Other actual or po tent ia l  uses of  f ly  a s h ,  bottom ash , and/or bo i l er s l a g  are ( 1 )  as an agricu l 
tura l  so i l  amendment ,  ( 2 )  as a component of  grout ,  ( 3 ) i n  the product ion of m ine ra l  wool , ( 4 )  i n  
the exti ngui s h i ng of  burn i ng  s po i l  p i l es ,  ( 5 )  a s  a source of  chem i cal ( sul fur a l umina , etc . ) ,  
( 6 )  as a trench backfi l l , ( 7 ) the deodor ization of  an imal  wa ste , ( B )  the manufacture of  k i tty 
l i tter , and ( 9 )  b l endi n g  with sewage . 

The bas i c  di sadvantages of  d i sposal of  most ash  and a l l  FGD s l udge are ( St i tes et a l . 1 9 77 ) : 

1 .  Generates n o  i ncome . 

2 .  Ut i l i zes power ( to operate scrubbers ) that cou l d  otherwise be sol d .  

3 .  Ut i l i zes l and for di sposal and chemi ca l s  for fi xat ion and env ironmenta l p rotection 
that are removed from other use .  

4 .  Requ i res add i t i onal  ma i n tenance , man power , and mach ines which  add to operat ing  cost . 

5 .  P roduces dusting  prob l ems ( from ash  and to a sma l l extent from S02 s l udge ) . 

6 .  Leaves the ho l der o f  the d i sposal  permi t with uncerta i nt ies a bout the l ong-term 
stab i l i ty of fi xed s l udge or  d i ked ponds for ash or s l udge . 

7 .  Generates truck no i se ,  road sp i l l s  from truc ks , and vi sual impact . 

I t  may affec t property va l ues  where new dumps are created . At bes : ,  a smal l amount of i ncreased 
coa l use does not threa ten ava i l ab l e  l and for dumpi n g  ( Me i er et al . 1 97 7 )  and it does prov ide 
empl oyment .  

5 . B . 2 . 2  Spec ia l  Cons i derations  for Smal l I ndustrial  Bo i l ers 

Al though there i s  wi de overl ap between l arge i ndustrial bo i l ers and sma l l  uti l i ty boi l ers , 
con s i dera t i on of capac i ty i s  i mportant a s  regards impact. Here , sma l l  means l ess than 1 00 MW 
and usua l l y  l ess  than 50 MW. 

I n  December 1 977 , there were 39 opera t i onal  FGD systems at 2 2  pl ants , and 9 more at  3 Caterp i l l a r  
Tracto r i n stal l at ions  due t o  become operational  before 1 9 7B ( P EDCO Envi ronmenta l I nc .  1 9 77b ) .  
These b o i l ers generate process steam , space hea t ,  and e l ectri c i ty ,  and genera l ly  use > 1 %  su l fur 
coal . A n umber use >3% sul fur coa l . From Tab l e  5 . 25 it can be seen that 71  percent of these 
pl an ts have been retrofi tted and that a variety of d i s posal  options and control systems are i n  
u s e .  
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Tab l e  5 . 25 .  Industr ia l  Bo i l er FGD Characteri s t i cs 

S02 Contro l System 

Caustic  Was te Stream 
Caust ic  Scrubb i ng 
Sod i um Scrubb i ng 
Ai r Pol  Caust ic  Scrubbi ng 
Doub l e  Al kal i 
Ci trate Proce ss  
Sodi um Add i t ion  
GM  Sod i um Scrubb ing 
Wel l man-Lord 
Al kal i Addi t ion  
Propri e tary 
L i me Scrubbing  
Sod i um Hydrox i de Add i t ion 
Water Scrubb ing  
Ammon i a  Scrubbi ng 

Percent P l ants Retrofi tted 

Waste and Byproduct D i sposal Practi ce 

Al ka l i ne Su l fate/ B i s u l fate Recycl ed to Pu l p  
Dewatered S l u rry to Landfi l l  
Hol d i ng Pond for Evaporation  
Non-Fi xated S l urry to  L i ned Pond 
Regenerab l e  - e l emental su l fur 
Regenerabl e - l i q u i d  su l fur d iox ide 
Wastewater Treatment and D i scharge to C i ty Sewer 
Was tewater Treatment and Di scharge to R i ver 

Deri ved from P EDCO Envi ronmental ( 1 977b ) . 

Number 

2 
3 
8 
1 
8 
1 
1 
2 
1 
1 
7 
1 
1 
2 
1 

7 1 % 

2 
1 0  
4 
2 
1 
1 
6 
2 

The dewatered s l u rry-to- l andfi l l  option  i s  u sed at Caterp i l l ar Tractor i n  I l l i no i s .  Bo i l ers of 
1 0- to 20-MW capac i ty are u sed for 1 50-pound steam for heat . Sod i um products of the FGD system 
are vacuum f i l tered . The resu l tant materi a l  can be hand l ed as a sol i d ,  p i c ked up by a contract 
haul er , m i xed w ith  mun i c i pa l garbage , and dumped in a mun i c i pa l  l andfi l l .  The on ly  prob l ems are 
those a l ready d i scus sed fo r l arger p l ants . The amount of l andfi l l -permi tt i ng ri ghts and degree 
to wh ich  a mun i c i pa l i ty wi l l  permi t m i x i ng of thi xotrop ic  s l udge--s l udge wh i ch cou l d  become 
fl u i d  when d i sturbed--wi th ga rbage i s  l i mi ted . Operations  cou l d  a l so be hampered where the 
s l udge cou l d  not be m i xed w ith  garbage . Those pl ants di scharg i ng to pub l i c  water have ons i te 
water treatment and thi ckener fac i l i ti e s .  I n  v i ew of t i ghten i ng water po l l ut ion  contro l standards , 
however ,  th i s  method may become harder to operate . One of these p l ants i s  now shut  down . 

The aspects of FGD s l udge d i sposal and ash  d i sposal are rap i d l y  chang i ng ,  but for smal l bo i l ers 
a l l the envi ronmenta l probl ems of l arge bo i l ers pers i s t .  They are :  

1 .  Uncerta i n ty of the fi na l  di sposal characteri s t i cs of ash  and s l udge , wh i ch makes the 
d i sposal perm i t  hol der or dump owner l i abl e to fi nanci a l  c l a i ms for some t ime i nto the 
future . 

2 .  Larger s pace than necessary for dump i ng may be needed to reduce v i sua l  impact . 

3 .  Dusti ng , part i c u l ar ly  of f ine  ash  and some s l udge , wi l l  requ i re l ong -term contro l , 
a l though th i s  prob l em i s  not great.  

4 .  Property val ues near dump areas may be reduced . 

5 .  No i se and sp i l l age from truc ks transporti ng s l udge and a s h  di sturb peopl e who l i ve 
near the travel route or who u se i t .  
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I n  add i t ion , for smal l bo i l ers , the fo l l owi ng probl ems are added : 

1 .  I f  the bo i l er i s  i n  a h i gh-den s i ty area , there may not be enough room to dewater 
s l udge suffi c i ent ly  for s h i pment to a dump ; i t  may be d i ff i cu l t  to retrof it  tu b i ng , 
pumps , etc . ,  for a s h  and s l udge removal to a bo i l er i n  a smal l confi ned area , pa rt icu
l a rl y if  the b o i l er i s  part of  the  produc t ion stream ; or s l udge and  ash  may have to  be 
trucked l ong d i stances to a d i sposal s i te ,  ra i s i ng product pri ces even more . 

2 .  I f  many smal l boi l ers i n  a smal l geographic  area must convert,  i t  may be d i ff icu l t  to 
fi nd adequate di sposal s i tes . 

3 .  Some compan i es may not convert i f  so ordered , but may s imply purchase new coal 
bo i l ers . 

Because more scrubbers wi l l  be req u i red , a l l of  the above prob l ems are expec ted to be exacer
ba ted by New Source Performance Standa rds and the proposed ac tion . 

Some of these probl ems represent costs that may be passed onto the consumer . Other soc i a l  costs 
refl ec t the d i ff icu l ty of f i nd i ng s u i ta b l e  d i sposal s i tes . S i tes near converted bo i l ers may be 
pre-empted by space l imi tat ions requ i r i ng i ndustry to transport the wa ste some d i stance . As 
d i scussed prev i ou s l y ,  the out l ook for regenerabl e scrubbers or a ma rketed use for scru bber 
s l udge appear to be q u i te l im i ted in the nea r term . 

5 . 9  HEALTH EFFECTS 

The potent ia l  fo r detrimenta l i nfl uences on h uman hea l th necess i tates a thorough eva l uat ion  of 
the use of coal as  a fue l . Al though some of  the effects of occupati ona l  exposure ( l ost wages 
and med ica l  costs ) a re shared i nd i rectl y  by a l l  members of  soc i ety , on the who l e  the b urden i s  
shoul dered by the sel ected groups whose occupations  carry i ncreased hea l th ri sks . Not so w i th 
the effects of  a i r  and water po l l u t ion from coal cycl e effl uents . The tox i c  s ubs tances con
ta i ned there i n  spread i nd i scr im inant ly  and to the detriment of al l those in the area . Therefore ,  
eva l uat ion of  the hea l th impacts expected from a program of  i ndustria l  coal convers ion wi l l  
i nc l ude both occupat i onal and publ i c  hea l th impacts .  

Each step o f  the coal fuel cyc l e--extraction , c l ean i n g ,  transportation , combustion  and waste 
d i sposal --wi l l  be d i scussed i nd i v idual l y . The i ncremental hea l th impacts for both occupat i onal  
and publ ic  sectors wi l l  be as ses sed for the i r  contri but ion  to the overa l l impact on  human hea l th .  

5 . 9 . 1 M i n i ng and Mi ne S i te Proces s i ng 

Of a l l the components i n  the coal fuel cycl e ,  the extract i on process has the greates t rate of  
fata l occupat ional  i nj u ry .  Th i s  i s  not surpri s i ng when one cons i ders the phys ica l  hazards of  
da i l y  act i v i t i es i n  coa l m i n i n g .  I n  the future , a s  greater dependence i s  pl aced upon surface 
m i n i ng , underground m i n i ng i s  further automated , and stri cter safety regu l ations  are enforced , 
these factors may comb i ne to reduce the absol ute number of  i nj u ries . However , the economi c  
i ncen t i ves of greater coal demand may offset these pos i t i ve forces by a l l owing  the reopen i ng of  
many smal l ,  ma rg i na l  m i n i ng operations  wh ich  wou l d  empl oy rel a t i ve l y  sma l l numbers of  peopl e and 
be d i ff i cu l t  to adequate l y  mon i tor  for safety v io l ations . The presence of  these smal l u n i t s  as 
wel l as a l arge , i nexperi enced work force wou l d resu l t in an i ncreased rate of  occupati onal 
inj u ry .  

The 1 973 i nj u ry and production  f i gures ( Nat i onal Coal Assoc iat ion 1 976 ) were used to deri ve 
fata l and nonfatal i n j ury rates per mi l l i o n  short tons for underground and surface m i n i n g .  The 
resu l t  is two i nj u ry rates ( fatal and nonfata l ) we ighted by the surface and underground com
ponents of the total reg i onal  coal production for each coal supply reg i on :  

where I s 

( I s ) ( P s ) + ( I u ) ( Pu ) 

Ps + Pu 

surface m l n l n g  i nj u ry rate per mi l l i o n  tons of  mi ned coa l ( 0 . 06 fata l i ty rate , 
3 . 37 nonfatal i ty rate ) ,  

u nderground m i n i ng i nj u ry rate per mi l l ion  tons o f  mi ned coal ( 0 . 35 fatal i ty rate , 
30 . 93 nonfata l i ty rate ) ,  

surface m i ne produc t i on , 

underground m i ne product i on ,  and 

we i ghted i njury rate per m i l l i on tons of  mi ned coal . 
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The i nj u ry rate of each coal supp ly  reg ion  i s  appl i ed to the projected i ncrement supp l i ed by 
that supp l y  reg ion  to each coal demand reg ion  ( see Tabl e 3 . 8 )  to produce the number of i nj u ries  
resu l t i ng from the  proposed action . From Tabl e 5 . 26 i t  i s  c l ear that i n  1 985 and 1 990 a bout 40 
to 50 percent of the nat i on ' s  fata l occu pation  i nj ur ies  from coal extracti on due to the prog ram 
wi l l  occur i n  the course of suppl y i ng coal to Demand Reg i on V I  (Arkansas , Lou i s i ana , New Mex i co ,  
Okl ahoma and Texas ) .  Th i s  i s  about two-fol d  greater than the expected fatal i nj ury ra te resu l t
i ng from the coal -use needs of Demand Reg ion  I V .  About 45 percent of the nonfatal occupational  
i nj u r i es from coal  extraction  for the proposed action wi l l  occur in  meet i ng the consumption 
needs of Demand Reg i ons  VI  and IV .  The sma l l er impac t in  1 990 compared to 1 985 resu l ts from the 
i �c�eas i ng proporti on of s urface m i ned coal , which has a l ower i nj u ry rate than underg round 
m l n l ng .  

Tab l e  5 . 26 .  Es t i ma ted 1 985 and 1 990 Annual Extracti on-rel ated Occupational I nj ur i esa Resu l t i ng 
from Increased Coal Use i n  Demand Reg ions  as a Resu l t of the Proposed Action 

1 985 1 990 

Fatal Nonfata 1 Fata 1 Nonfatal 
Demand Reg i on I nj u r i es I nj u r i es I njur ies I nj u r i es 

0 . 32 26 . 8  0 . 55 46 . 6  

I I 0 . 34 28 . 8  0 . 62 54 . 9  

I I I 0 . 45 37 . 8  0 . 88 75 .J0 

IV  1 .  7 1  1 03 . 8  3 . 27 237 . 0  

V 1 . 04 63 . 9  1 . 32 87 . 7  

V I  3 . 59 233 . 3  7 . 08 470 . 4  

V I I  0 . 1 5  5 . 9  0 . 24 1 2 . 4  

V I I I  0 . 09 5 . 0  0 . 1 5  9 . 2  

I X  0 . 60 42 . 9  0 . 97 68 . 8  

X 0 . 04 2 . 2  0 . 08 3 . 39 

Total 8 . 3  550 . 3 1 5 . 2  1 06 5 . 4  

aThe rates u sed t o  der i ve these numbers a re per mi l l i on tons o f  m ined coal . 

I t  shou l d  be stressed that compari sons made on the bas i s  of coa l demand reg ion  do not mean that 
a l l of the extracti on-rel ated ( or c l ean i ng-rel ated ) occupational  i nj u ri es wi l l  occu r  in that 
reg i on . Obv i o u s l y  such i nj u ri es wi l l  occur in the coal supp ly  reg ions  where extraction takes 
p l ace . The program-rel a ted m i n i ng i nj u ri es by supply reg i ons  is shown in Ta b l e  5 . 27 .  On th i s  
bas i s ,  Supply Reg i on 2 wi l l  rece ive the greatest impact ,  with about 3 0  percent o f  the fatal 
i nj ur i es and 30 to 35  percent of the nonfatal i nj u r i es occurr i ng there . Supply Reg i on 5 wi l l  
i ncur the second g reatest i mpac t .  

O n  the bas i s  of man-hours i n  1 97 5 ,  an average o f  1 45 d i sabi l i ty days were i ncurred for each 
underground coal m i n i n g  i nj u ry ( Nati onal Safety Counc i l  1 976 , p .  2 6 ) , the second h i g hest severi ty 
rate of a l l reporti ng i ndustri es . Al though the i nc i dence rate i s  much l ower i n  surface m i n i ng , 
the sever i ty of  the i nj u r i es i s  s i m i l ar ,  wi th an average 1 40 d i s ab i l i ty days per i nj u ry .  I n  
1 974 , the average f i nanc i a l  l oss  ( i n  1 974 do l l ars ) due to a n  underground mi ne fatal i ty was 
$ 1 2 5 , 000.  For each nonfatal acci dent the l oss averaged $4 ,000 ( Co l e 1 977 ) . 

5 . 9 . 2  Occupati onal D i sease 

I n  addi tion  to safety hazards encountered in underground coal ml n l n g ,  the mi ner is a l so exposed 
to d i sease-i nduc i ng cond i t i on s . I t  has previo u s ly  been recogn i zed that u nderground mi ner 
resp iratory d i sease rates a re much h i gher than those of any other occupational  gro u p ,  i nc l ud ing  
s urface mi ners . 

Pneumocon i o s i s i s  the general term appl i ed to occupati onal  l ung d i seases res u l ti ng from i nha l a
t ion  of dust .  Coa l  Worker ' s  Pneumocon ios i s' ( CWP ) res u l ts from ti ssue  reacti on to  the  accumul a
t ion  of  coal  dust  in  the l ungs . Progres s i ve Mas s i ve F i bro s i s  ( PMF ) ,  the comp l i cated form of 
CWP ,  occurs in  a smal l  n umber of  CWP case s .  Once a certa i n  degree of s impl e CWP is  presen t ,  the 
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Tabl e 5 . 27 .  Est imated 1 985 and 1 990 Annual Extracti on-rel ated 
Occupat i onal I njur iesa i n  Supply Regi ons as a 

Res u l t  of the Proposed Action  

1 985 1 990 
Supply  Fata l Nonfata l Fata l  Nonfata l 
Reg ion  Injuries  I nj uries  Injur ies  I nj u r i es 

1 . 1 2  94 . 1  1 .  95 1 65 . 1  
2 2 . 26 1 94 . 1  4 . 1 9  360 . 5  
3 0 . 33 25 . 2  0 . 66 52 . 5  
4 0 . 97 1 5 . 1  1 . 60 68 . 3  
5 1 . 60 98 . 9  2 . 87 1 8 1 . 6  
6 1 . 24 68 . 4  2 . 56 1 46 . 0  
7 0 . 3 1 26 . 7  0 . 50 42 . 3  
8 0 . 46 2 7 . 4  0 . 83 49 . 4  

Tota l 8 . 3  550 . 3  1 5 . 2  1 065 . 7  
aT he rates u sed to der i ve these numbers are per mi l l ion  tons of  
m i ned coal ; see text for ca l cu l at ion of the we ighted i nj ury ra te . 

deve l o pment of  PMF does not req u i re further exposure to dust .  PMF  i s  general ly  assoc iated with  
decrea sed l ung function and  permanent l ung damage.  The  presence of s impl e CWP can  l ead to  m i nor 
resp i ratory impa i rment , but PMF i s  cons i dered to represent a l i fe-threaten i ng s i tuation .  

From 1 969 to  1 973 u . S .  P ubl ic  Hea l th Serv ice  sponsored surveys that studied  the preval ence of  
CWP i n  t he  U . S .  m i ner popu l at ion . T he  res u l ts of two such  stud ies  are repo rted i n  Tabl e 5 . 28 .  
T he  data i n  th i s  tabl e c l ear ly  demonstrate a greater preval ence of CWP i n  underground mi ners 
compared to surface m i ners . The d i fference between the d i sease rates of the two g roups becomes 
even g reater when work h i stories  of the surface mi ners are con s i dered . F i ve of the seven sur
face m i ners d iagnosed wi th more than s impl e CWP were found to have extens ive underground 
experi ence . 

Tabl e 5 . 28 .  The Preva l ence of Coa l Worker ' s  
Pneumoco n i os i s  ( CWP ) i n  

U . S .  Coa l Mi ners 

1 969-71 a 1 972-73b 

CWP 
Underground Surface 

Category No . % Tota l No . % Total 

0 5985 70 . 0  1 378 95 . 8  

1 1 905 2 2 . 3  5 2  3 . 6  

2 452 5 . 3  2 0 . 1 

3 38 0 . 4  0 0 . 0  

PMFc 1 73 2 . 0  5 0 . 4  

Total 8553 1 438 

aFrom Morga n ,  W .  K .  C .  , et a l . 1 973 . Arch . Env i ron . 
Hea l th 27 : 22 1 -226 . 

bFa i nnan , R .  P . , et  a 1 . 1 977 .  Arc h .  Env i ron . Hea l th 
33 : 21 1 -2 1 5 .  

C Progres s i ve ma s s i ve f i bros i s  - compl i cated CWP . 
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The purpose of the Federa l Coal M i ne  Hea l th and Safety Act of 1 969 ( MHSA ) and the amendments 
wh i ch fol l owed was to compensate men who are total l y  d i sabl ed due to pneumocon i o s i s .  At the 
present t i me ,  the term " bl ac k  l ung" i s  appl i ed to respi ratory di sease in a mi ner whether or not 
i t  i s  rel ated to coal m i n i ng . 

I t  i s  assumed i n  the Coal M i ne Hea l th and Safety Act that any respi ratory impa i rment that 
devel ops  in a m i ner with more than 1 5  years of underground exposure i s  rel ated to h i s  occupa
tion . Under the l egal def i n i t i on of d i sa bi l i ty ,  i t  was estimated that 0 . 2  percent of the under
ground l abor force became d i sab l ed by CWP i n  1 970 .  Reg u l atory prov i s i ons of the Act are i ntended 
to i nsure a future m i ne work force whi c h  i s  free from the debi l i ta t i ng effects of compl i cated 
CWP . As a resu l t  of th i s  prov i s i on , a resp i rabl e dust l evel of 2 m i l l i grams per cub ic  meter 
(mg/m 3 )  has been i n  effect i n  underground U . S .  mi nes s i nce 1 97 5 .  A s im i l ar approach i n i t i ated 
i n  1 943 by the Bri t i s h  i s  respons i bl e for restr icti ng the preval ence of CWP to i ts mi l dest form 
i n  on ly  3 percent  of the workers and no PMF after 35 years of expo sure . The U . S .  standard i s  
bel i eved to be more strict than the Bri t i s h  standard . As a resu l t of th i s  assumpt ion i t  i s  
ant i c i pated that future U . S .  m i ner popu l ati ons wi l l  exh i b i t  a rate of s i mpl e CWP whi c h  i s  l ower 
than that presently found i n  the Un i ted Ki ngdom . However , the U . S .  mi ner wi l l  conti nue to pay 
the pr ice ,  i n  terms of l ung d i sease , for the 25-year del ay between impl ementat ion  of a dust 
standard in  the U . S .  and the U . K . 

Al though m i ners who start the i r  work experi ence after 1 975 are expected to be protected by the 
U . S .  dust standard , those men who began prior  to 1 97 5 ,  espec i a l l y  those wi th more than 1 0  years 
pre-standard experi ence , can anti c i pate a conti nued preva l e nce of d i sab i l i ty from CWP among 
the i r  cohorts . Th i s  d i sabi l i ty rate wi l l  be ref l ected i n  the overal l worker popu l at ion rate 
wh i ch wi l l  decl i ne as a resu l t of the attri tion of pre- 1 975  workers from the mi ner wor k  force 
over the next 25 years and as mine  safety regu l at ions  ta ke effect .  

W i thout str ict  adherence to  the  prov i s i ons  of the  1 97 5  Coal Mi ne Hea l th and Safety Act and i ts 
amendments the assumption of improved coal worker hea l th status for future mi ner popu l ations  i s  
not val i d .  I f  the regu l a t i on s  are rel axed to a l l ow pre-1 97 5  mine  cond i t i ons  to ex i s t ,  a return 
to reti red-m i ner d i sabi l i ty from CWP wou l d  be i nev i tabl e .  

CWP i s  a major component of  coal mi ner res p i ratory d i sease but not the on ly  component .  Coal 
mi ners al so have an el evated preva l ence of bronch i t i s  and emphysema . I ndustr ia l  bronch i t i s  i s  
a n  i dent if iab l e d i sease ent i ty and can be accounted for by coa l dust depos i t ion  i n  bronch i  and 
bronch i o l e s ;  however ,  the effects on  the l ungs are expected to be s l i g h t .  Ev idence i nd i cates 
that c i garette smo k i ng has between fi ve and ten t imes the effect of coa l dust on vent i l atory 
capac i ty .  S i nce a l arge port ion  of the m i ner popu l at i on conta i ns smokers , c i garette-rel ated 
l ung d i sease is expected to be a primary factor in determi n i ng the hea l th status of the future 
m i ner work  forc e .  

F o r  the reasons outl i ned above ( i . e . , work force exposure p r i o r  t o  the establ i shment of perm i s 
s i bl e  dust l evel s and m i ner smoki ng habits ) ,  l ung d i sease i s  expected t o  conti nue pl agu i ng 
acti ve and ret i red mi ners at rates above those for the rest of the popu l ation , i rrespect i ve of 
future i ncreases in  mi ne producti on . 

5 . 9 . 3  Cl ean i ng 

Compared to the occupat i ona l  i njury rates for extracti on , the rates associ ated w i th coal c l ean
i ng are l ow .  The  occupat ional  impact of coa l  c l ean i ng i s  rel evant to the  present ana l ys i s  
becau se the quanti ty of  coal requ i r i ng such preparation  i s  expected to i ncrease i n  the future . 
Wi th greater underground product ion  and stri cter envi ronmental regu l ations , mechan i ca l  c l ean i ng 
and was h i ng of coal wi l l  cont i nue to be an i dent i f iab l e part of the coa l fuel cycl e .  

As wi th coa l extracti o n ,  a n  i njury rate per m i l l i on tons o f  c l eaned coal was deri ved from the 
1 973 i njury and product ion  fi gures ( Nati onal Coal Associat ion 1 97 6 )  and made spec i f i c  for each 
coal producti on reg i on .  The amount s ubjected to c l ean i ng was assumed equal to that mi ned under
ground , produ c i ng a we i ghted i njury rate for each coal production  reg i on : 

where I c 1 973 c l ean ing  occupational  i nj u ry rate per mi l l i on tons ( 0 . 03 fatal i ty rate , 
0 . 1 3  nonfatal i ty rate ) , 

1 973 underground mi ned product ion i n  mi l l i ons of tons , and 

1 973 s urface m i ned production i n  m i l l ions  of tons . 
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Thi s  wei ghted rate was then appl i ed to the anti c i pated i ncrements in coa l production resu l t i ng 
from i ndustrial  convers i on ( see Ta bl e 3 . 8 ) . Summation  of these i ncremental i nj u ri es by coal 
demand reg ion  i s  seen i n  Ta bl e 5 . 29 and by coal production reg ion in Ta b l e  5 . 30 .  

Tab l e  5 . 29 .  Estimated 1 985 and 1 990 Cl ean i ng-rel ated Occ upati onal I nj uri esa Resu l t i ng 
from I ncreased Coa l Use i n  Demand Reg ions as a Res u l t of the Proposed Action  

1 985 1 990 

Fata l Nonfata l Fatal 
Demand Reg i on I nj ur ies Injuries  Injuries  

I I  

I I I  

I V  

V 

V I  

V I I 

V I I I 

I X  

X 

Tota l 

aThe rates used to 

Supply 
Reg ion 

2 

3 

4 

5 

6 

7 

8 

Tota l 

0 . 02 0 . 1 0  0. 04 

0 . 03 0 . 1 1  0 . 05 

0 . 03 0 . 1 5  0 . 06 

0 . 1 3  0 . 56 0 . 27 

0 . 07 0 . 33 0. 1 0  

0 . 08 1 . 77 0 . 1 9  

0 . 0 1 0 . 04 <0 . 02 

<0 . 0 1 <0 . 01 <0 . 02 

0 . 02 0 . 1 0  0 . 03 

<0 . 01  <0 . 01 <0 . 02 

0 . 4  3 . 2  0 . 8  

deri ve these n umbers a re per mi l l ion tons of c l eaned coa l . 

Tab l e  5 . 30 .  Estimated 1 985 and 1 990 Cl eani ng-rel ated 
Occupa t i onal  Injuriesa in Supp ly  Reg ions as a 

Resu l t of the Proposed Action 

1 985 1 990 

Fatal Nonfata l Fata l Nonfata l 
I nj ur i es I nj ur ies I nj u ries  I nj uries 

0 . 08 0 . 36 0 . 1 5  0 . 64 

0 . 1 8  0 . 78 0 . 33 1 . 45 

0 . 02 0 . 1 0  0. 04 0 . 20 

0 . 07 0 . 31 0 . 1 1  0 . 52 

0 . 02 1 .  50 0 . 05 1 . 63  

0 . 001 0 . 001 0 . 01 0 . 04 

0 . 02 0 . 1 1  0. 03 0 . 1 7  

0 . 004 0 . 02 < 0 . 0 1  0 . 04 

0 . 4  3 . 2  <0. 7 4 . 7  

aThe rates u sed to determ ine  these n umbers are per mi l l i o n  tons of  
c l eaned coa l . 

Nonfatal 
I nj u r i es 

0 . 1 8  

0 . 2 1 

0 . 30 

1 .  08 

0 . 42 

2 . 25 

0 . 05 

0 . 02 

0 . 1 5  

0 . 02 

4 . 7  
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The l ow occupat ional  i nj u ry rate for coal  c l eani ng is  refl ected in  Ta b l es 5 . 29 and 5 . 30 .  Overal l ,  
the greatest impact wi l l  occur as a resu l t of meet i ng the i ncreased coal demands of Demand 
Reg i on V I . T h i s  i s  attri butab l e  primari l y  to the 1 985 nonfatal i nj ur ies , wh i c h  are about 50 per
cent of the tota l for that year .  Coal c l eaned to meet the cons umpti on needs o f  Reg ion  I V  wi l l  
a l so have a re l at i ve ly  s trong impact .  Th i s  reg i on i s  expected t o  have about 36 percent o f  the 
proj ected fatal and 18 to 35 percent of the nonfatal cl eani ng -rel ated occupational  i nj ur ies  i n  
1 985 and 1 990 a s  a resu l t of the proposed action . 

5 . 9 . 4  Transportation  

Coal transportation  in  th i s  country u ti l i zes a mi xed mode sys tem : rai l road , truc k ,  barge , and 
other m i nor modes such as  p i pel i ne and tramway . Ra i l  is  the pri nc i pa l  mode of cho ice ( see 
Sec . 5 . 2 . 2 ) , wi th nearly 70 percent of the total nati onal producti on shi pped by ra i l . However , 
spec i fi c  reg i onal requ i rements i nfl uence transportation  mode s uch  that the percentage by ra i l  
wi l l  range from 2 1  to 1 00 percent i n  any part i c u l a r  reg ion . 

The phys i ca l  constra i nts of  the nation ' s  i n l and waterway system , primari l y  a north-south trans
portation  route , as  wel l as  the economi c  constra i nts of truck and  other  short-hau l  modes impl y 
a l im i ted futu re g rowth for coal transportat ion modes other than ra i l . S i nce ra i l  transport of 
coal i s  presentl y the l argest s i ngl e mode and future prospects for i ts growth are better than 
any other mode ,  ra i l  transport has been sel ected for estimati on of reg i onal  i mpacts of coal 
tran sportation  on acci dental i nj uri es . Th i s  anal ys i s  takes i nto account the vari ation  observed 
i n  mode m i x  by reg i o n .  

The hea l th consequences of coal tran sportation  are assumed for th i s  ana lys i s  t o  ta ke the form of 
acci dental i nj u ry in the occupationa l  and general publ i c  popu l ations . Three i nj u ry measures are 
u sed to defi ne the transportation  impact;  i nj ury to the rai l road work force , trespas sers on 
ra i l road property , and i nj uri es occu rr i ng as a resu l t of h i g hway grade cros s i ng acc i dents . The 
s um of these three measures is bel i eved to be representat i ve of the magn i tude of i mpact wh i ch 
wi l l  occu r  as a d i rect resu l t  of i ncreased u sage of coal rel ated to the program . 

Occupati onal i nj u ry rates rel ated to transportation  of coal were deri ved from fou rteen years of 
data ( 1 961 -1 974 ) on ra i l road empl oyee acc i dents ( National  Safety Counc i l  1 976 ; U . S .  B ureau of 
the Census  1 961 - 1 974 ) .  These rates ( 1 . 52 fatal and 1 58 nonfatal per 1 00 , 000 l oaded ra i l cars ) 
were then appl i ed to the appropri ate amount of coal s h i pped by ra i l  i n  each consumpti on reg i on . 
The proport ions  s h i pped by ra i l  were assumed to be the same i n  1 985 and 1 990 as i n  1 977 . 

The esti mate of  nonfatal i nj u ry i nc l udes a l l  reported cases of on the job  i n j u ry to ra i l road 
empl oyees . S i nce the majo r i ty of s uch i nj uries  are m inor  i n  nature , nonfatal occupat i ona l  
i nj ur ies  a re assumed to represen t  a l ess  i nten se i n d i v i dual  i mpact than general publ i c  nonfatal 
i nj u ry res u l t i ng from ra i l  transportati on o r  occupat i ona l  i n j u ry occurri ng in other phases of 
the fuel cycl e .  I n  1 974 , 1 5 , 448 s uch i n j ur ies  occurred to on-duty empl oyees o f  the total na ti onal 
ra i l road sys tem. An add i t i onal 1 56 fatal acc i dents occurred duri ng the same t ime per i od .  

The total ra i l road-empl oyee i nj ur ies i n  both 1 985 an d 1 990 (Tab l e 5 . 31 )  i s  an estimated 1 3  fatal 
and 1 330 nonfata l i nj u ri e s . Coal s h i pments to meet the needs of Demand Reg i on V I  w i l l be respon s i bl ,  
for about 6 7  percent o f  these i nj ur ies . The near total dependence upon ra i l  transportat ion i n  
th i s  reg i on coup l ed wi th the program-rel ated coa l demand wi l l  res u l t i n  occupati onal i nj ur i es 
for transportat ion that exceed the n umber anti c i pated for extract ion . Demand Regi on s  I V  and I X  
wi l l  a l so be affected ,  b u t  at  a rate of  about 1 / 7 that i n  Reg i on V I . 

Tran sportati on-rel ated i nj u ry rates i n  the publ i c  sector wi l l  be greates t i n  Demand Reg ions I V ,  
V I  and I X .  Fata l and nonfatal trespasser i nj ury rates per 1 00 , 000 l oaded ra i l cars ( 2 . 96 and 
1 . 49 , respect ivel y )  were deri ved from fou rteen years of data ( Nati onal Safety Counci l 1 97 6 ;  U . S .  
Bureau o f  the Census  1 961 -1 974 ) . The i nj u ri es referred to i n  Tab l e 5 . 32 are the resu l t of 
applyi ng these i nj u ry rates to the appropriate amount  of coal  in  each demand reg i on . S i nce th i s  
measure uses the same base l oaded ra i l  cars , the percen tage o f  total acci dents i n  each reg i on 
wi l l  be the same as ra i l  emp l oyee i nj ury .  About  67 percent of the trespasser i nj ur i es wi l l  
occur during  transportation  of coal for Reg ion  V I  program-rel ated i ncreases i n  coal consumption . 
Coal transportation  to meet convers i on requ i rements i n  Reg i on IV and I X  wi l l  be res pons i b l e  for 
another 20 percent of the fatal and nonfatal trespasser i nj ur ies . The l ow number of nonfatal 
i nj uries  rel ative  to fatal i nj uri es i s  probab ly  the resu l t of unreported i nj uri es ; 1 3  fata l i t i es , 
6 to 7 nonfatal i t i es .  

The second component of publ i c  i nj ur ies  con s i dered i n  t h i s  report i s  the port ion  of the acc i 
dental i nj u ri es occurr i ng a t  h i g hway ra i l road grade cross i ngs . Fatal and nonfatal i nj ury rate 
coeffi c i ents were ca lcu l ated on  the bas i s  of tra i n-mi l es travel ed per year u s i ng data from the 
Federal Ra i l road Adm i n i strat ion  ( Nati onal Safety Counc i l  1 976 ; U . S .  Bureau of the Census 1 96 1 -
1 974 ) . For the i nterval of 1 964 to 1 974 , the coeffic i ents were determined to be 3 . 48 fatal and 
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Ta b l e 5 . 3 1 . E st imated 1 985 and 1 990 Transporta t ion-rel ated Occupationa l  
I nj u ri esa to Ra i l road Empl oyees in  Demand Reg i ons  as a resu l t of  

the  Proposed Act i on 

1 985 1 990 

Fatal Nonfatal Fatal Nonfa ta l 
Demand Reg ion  I nj ur i es I nj uries  I nj u r i es I nj ur ies  

0 . 23 23 . 9  0 . 37 38 . 4  

I I 0 . 1 7  1 7 . 7  0 . 29 30 . 1  

I I I 0 . 1 8  1 8 . 7  0 . 34 35 . 3  

I V  0 . 6 5  6 7 . 6 l .  24 1 28 . 9  

V 0 . 1 1  1 l . 4 0 . 22 22 . 9  

V I  4 . 6 3  481 . 3  8 . 56 889 . 8  

V I I 0 . 1 7  1 7 . 7  0 . 33 34 . 3  

V I I I  0 . 06 6 . 2  0 . 1 1  1 l . 4 

I X  0 . 62 64 . 4  l .  24 1 28 . 9  

X 0 . 05 5 . 2  0 . 09 9 . 4  

Tota l 6 . 87 71 4 . 1  1 2 . 79 1 329 . 5  

aTh e rates from which  these n umbers are der i ved are per 1 00 , 000 l oaded ra i l  cars . 

Ta b l e  5 . 32 .  Est imated 1 985 and 1 990 Trespasser I nj uriesa I ncurred 
Dur ing Transportat ion  of Coa l i n  Demand Reg i ons  

a s  a Resu l t  of the  Proposed Action  

1 985 1 990 

Fata l Nonfatal Fatal 
Demand Reg i on I nj uries  Injur ies  Injur ies  

0 . 4  0 . 2  0 . 7  

I I  0 . 3  0 . 2  0 . 5  

I I I  0 . 4  0 . 2  0 . 7  

I V  1 . 3 0 . 6  2 . 5  

V 0 . 2 0 . 1 0 . 4  

V I  9 . 0  4 . 5  1 6 . 7  

V I I  0 . 3  0 . 2  0 . 6  

V I I I  0 . 1  0 . 1 0 . 2  

I X  1 . 2 0 . 6  2 . 4  

X 0 . 1  0 . 1 0 . 2  

Tota l 1 3 . 4  6 . 8  24 . 9  

aThe rates used to deri ve these numbers are per 1 00 , 000 l oaded ra i l  cars . 

Nonfatal  
I nj ur ies 

0 . 3  

0 . 3  

0 . 4  

1 . 2 

0 . 2  

8 . 4  

0 . 4  

0 . 2  

1 . 2 

<0 . 2  

1 2 . 8  



5-73  

7 . 08 nonfatal i nj ur ies per m i l l i on trai n-mi l es travel ed . These rates i nc l ude motor vehi c l e 
pas sengers and pedestri ans i nj ured as a resu l t of ra i l road cross i ng acc i dents . 

Appl y i ng the cal cu l ated rate coeffi c i ents to reg i onal  demand assumpti ons for coa l u se i n  1 985 
and 1 990 , estimates of the pub l i c  i nj ury at h i g hway grade cross i ngs were made . These estimates 
are presented i n  Tab l e  5 . 33 .  From the assumptions  o f  th i s  ana l ys i s ,  Demand Reg ion  V I  i s  shown 
to have 7 3  percent of the fata l and nonfatal i nj ur ies  expected to occur as  a resu l t  of fac i l i ty 
convers i on i n  1 985 , and 7 5  percent of those expected i n  1 990 .  

Tab l e  5 . 33 .  E st imated 1 985 and 1 990 H i g hway Grade Cross i ng  I n jur iesa 
Incurred During  Tran sportati on of Coa l to Demand Reg i ons  

as  a Resu l t of the Proposed Act i on 

1 985 1 990 

Fatal Nonfatal Fatal Nonfata l 
Demand Reg i on I nj ur i es Injur ies  I njur ies I nj uries  

0 . 3  0 . 6  0 . 5  1 . 0 

I I  0 . 2  0 . 3  0 . 3  0 . 6  

I I I  0 . 2  0 . 4  0 . 3 0 . 7  
IV  0 . 4  0 . 8  0 . 7  1 . 5 

V 0 . 1  0 . 3  0 . 2  0 . 6  

V I  9 . 0  1 8 . 8  1 7 . 8  37 . 2  

V I I  0 . 3  0 . 7  0 . 5  1 . 1  

V I I I 0 . 1  0 . 2  0 . 2  0 . 3  
I X  1 . 7 3 . 6  3 . 4  7 . 2  

X 0 . 1  0 . 2  0 . 2  0 . 2  

Total 1 2 . 3  2 5 . 7  24 . 1  50 . 6  

aThe rates used to der i ve these numbers are per mi l l i on trai n-mi l es ,  two-way d i stance 
between po i nt of  produc t i on and center of consumpt i on . 

5 . 9 . 5  Combust ion 

I n  con trast to the previ ous three cycl e  components , hea l th i mpacts on the work force wi l l  be 
secondary to those affecti ng the pub l i c .  The occupat i onal  i nj ur ies associated wi th an opera t i ng 
combus t ion fac i l i ty are not expected to be s i gn i fi cantly a l tered by fuel c ho i ce .  Occupati ona l  
hea l th and safety gu idel i nes c l early defi ne procedu res and  work pract ices that  must  be fol l owed 
to i nsure a safe and heal thful work envi ronment i n  a combu st ion faci l i ty i rregardl ess  of the 
fuel u sed . 

Due to i ts phys i ca l  nature , however ,  coal  i s  a l es s  conven i ent form of fuel fo r i ndustria l  pur
poses . The fuel  and  ash  handl i n g  requi rements of a coal -fi red un i t  necess i tate the empl oyment 
of a l arger work force compared to o i l  or  gas-fi red un i ts of equ i va l ent  ene rgy output . Th i s  
l arger work force s i ze has the con sequence o f  i ncreas i ng the man-work  hours per un i t  o f  power .  
Va l ues taken from e l ectrical power pl ant operat ion g i ve the  fol l ow ing  rates for  man -hours per 
MWe ; 0 . 1 1 3  for coa l , 0 . 089 for gas ,  and 0 . 09 for o i l  ( O l ms tead 1 97 1 ) .  I ndustr i a l  fuel burn i ng 
faci l i ties  are bel i eved to have manpower requ i rements s im i l ar to those of the el ectrical  i ndustry . 
Thus occupat i ona l  i nj u ry rate s ,  on the bas i s  of power output ,  wou l d  be expected to refl ect t he 
i ncreased work force s i ze i n  a s i m i l ar e l ectr ic  power faci l i ty converted to coa l use . No attempt 
wa s made to ca lcu l ate the occupati onal i nj u ry rate per un i t energy output for the presen t ana lys i s .  
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The stack emi s s i ons from coa l -bu rn i ng fac i l i t i es can have di rect impacts on the pub l ic  and 
eva l uation of the l ong-term effects of add i t i onal a i r  pol l ution on pub l i c  hea l th is necessary i n  
the assessment of  i ncreased power p l ant and i ndustr i a l  coa l use . 

Investi gators general l y  accept a causal rel ations h i p  between a i r  pol l ution  and resu l tant advers e 
hea l th effects . The c l as s i c  a i r  pol l ut ion  ep i sodes i n  the Muese Val l ey ,  Donora , and London have 
c l ear ly  demon strated the adverse nature of popu l at ion exposure to h i gh l evel s of ai rborne combus
t ion products . However ,  there is l ess  f i rm agreement on the actua l quantitati ve form of  such 
re l ationsh i ps and many prob l ems ari se during attempts to estimate them . One approach used is that 
of the damage functi on , wh i ch i s  a quanti tat i ve expres s i on of a rel ations h i p  between exposure to 
spec i fi c  po l l utants and the type and extent of the associated damage ( Hers haft 1 976 ) . In thi s  
formu l at i on exposure i s  measured i n  terms of  amb ient concentration l evel s and exposure time , 
expressed as dos e .  The resu l t i n g  phys ica l  or b i ol og i cal  damage--heal th effect--i s  the respons e .  

The data base for hea l th damage functions i nvol ves both epi demi o l ogical and toxi col og ical  i nvesti 
gat ions . I n  ep i demi o l ogica l  stud i es ,  the observed effects i n  sel ected portions of  the general 
popu l ation  are compared on the bas i s  of amb i ent exposure l evel s .  Toxicol ogical studi es i nvol ve 
del i berate admi n i s trat i on of  tox i c  agents to test an ima l s .  Eth i cal  as wel l as l egal constra i nts 
l imi t the use of human subjects i n  such experimentation ; therefore ,  huma n hea l th effects functions 
are deve l oped princ i pa l l y  on the bas i s  of epidemio log ica l  stud i es .  As a resu l t ,  heal th effects 
damage functions tend to refl ect the natura l  var iat ion and measurement errors i n herant in the 
epidem i o l o g i ca l  approach .  Quanti tati ve heal th effect projections shou l d  be carefu l l y  i nterpreted.  

The Report of the Comm i ttee on Heal th and Envi ronmenta l  Effects of  I ncreased Coal  Uti l i zation 
( the Ra l l  Report)  i denti f ies three poss i b l e  heal th i ssues resu l t i ng from i ncreased coal  use.  
They are ( 1 )  i ncreas ed res pi ratory d i sease from acid su l fate production , ( 2 )  the poss i bl e  l i n k  
between urban a i r  concentrations  of  po l ycycl i c  organ i c  matter ( POM ) and  the inci dence of l ung 
cancer , and ( 3 )  the potentia l  hea l th i mpacts from trace substances i n  ash.  The Commi ttee recom
mends the estab l i s hment of an improved national  system of envi ronmental data col l ection , model i ng ,  
and mon i tor i ng .  S uch  a recommendat ion  wou l d  go  far i n  a l l eviating  t he  recogn ized defi c i en c i es i n  
the present heal th impact data base .  

The  pr inc i pa l  components of the  emi s s ion stream have known effects on human heal th wh ich  i ncl ude 
phys io l og ica l  i rr itation  and d i rect toxi c i ty .  A carc i nogen i c  potential  has a l so been pos tu l ated 
for these emi ss ions . Some of the more important emi ss ion stream components are d i scussed be l ow.  

5 . 9 . 5 . 1  S u l fur D i ox i de 

Su l fur d iox ide ( S02 ) was one of the earl iest  suspected tox i c  agents i n  a i r  po l l ution epi sodes , 
and has therefore been stud i ed exten s i ve ly .  I n  h i g h  concentrations , i t  i s  general l y  absorbed i n  
the upper respi ratory tract and  never reaches the pu l monary region ; b ut  at l ow concentrations , 
most of  the i nha l ed amount reaches the termi nal bronch i o l es and a l veol i .  Thus , the effect ive 
dose recei ved by the most sens i t i ve parts of the respi ratory system does not decrease l i nearly 
with dec rea s i ng atmospher ic  concentration . Subj ects exposed to S02 i n  the pure state , under 
experimental cond i t i ons , exh i b i t  no seri ous effects at exposure l evel s l ess  than 5 ppm . However ,  
i n  epi demi o l o g i ca l  stud i es a s  c i ted by Amdur  ( 1 97 5 ) , S02 concentration  greater than 0 . 25 ppm 
have been i dent i f i ed w i th "excess  mortal i ty "  in the exposed genera l popu l ation . Th i s  apparent 
contrad ict ion in the tox i c i ty of  S02 i s  reso l ved by the observation that in the natural env i ro n 
ment , S 0 2  ra re ly  exi sts i n  t h e  pure state . I t  i s  general l y  s hown i n  association  with particul ate 
aeroso l s .  These aero so l s  are thought to adsorb S02 and thus i ncrease the effective concentration 
at the s i te of phys io l og ica l  action in  an exposed subject .  

I n i t i a l  l ow- l evel expos ure produces a s l i ght temporary vasoconstri ction wh i c h  l asts a bout 1 0  to 
20 mi nutes i n  a prev i o u s l y  unexposed human subject , w ith measura b l e  reduction  in the e lastic i ty 
of  the l ung l ast i ng  for somewhat l onger periods of time .  Subj ects exposed over several  days 
show s l i ght  changes i n  l ung capac ity and pu l monary res i stance , and in bl ood chemi stry .  Lon9-
term , l ow- l evel doses resu l t in t h i c ken i ng of  the mucus l ayer over the c i l ia , produc i ng an 
effect s i mi l ar to that seen fo l l ow i ng acute exposure (Amdur 1 975 ) . 

In some stud ies  S02 has been found to i nteract with  other i rr i tants , both enhanc ing  and amel i o
rat i ng the i r  effects . An experimental subject habi tuated to S02 , for exampl e ,  wi l l  not react as 
strong l y  to a s ubsequent dose of  n i trogen d iox ide as one wi thout prior expos ure . I nd ications o f  
a synerg i sm have been found i n  studies  i nvo l vi ng ozone ( 0 3 ) and hi stamine ;  previous  exposure to 
S02 wi l l  resu l t i n  more severe react ions  to those i rri tants . 



5 . 9 . 5 . 2  N i trogen Oxi des 

N i trogen ox ides ( NOx )  are produced by the oxi dat i on of  orga n i ca l � y  bc�nd n i troqen in coa l and by 
the secondary ox idation  of atmospheri c n i trogen duri n g  the c:ombll s t i o n  of coal and most other 
hydrocarbons , espec i a l l y  at  h i g h  temperatures an�!or pre s s u re s _ T h e  two mos t  i mportant spec i es 
are n i tr ic  o x i de ( NO )  and n i trogen d i o x i de ( NO ? , al so known a s  n i trogen perox ide ) . N i trogen 
o x i des are important i n  the genera t i on and reg ul at i o n of ozone ( 0 . )  l evel s �nd in produc i ng the 
organ ic  components of photochem i c a l  smoq . The s pec 1 " S  " " y I. ',-, nn:<) , , 1 :1 found i n the a tmosphere i s  
N02 • 

N02 i s  a strong i rri tant ( Nat i onal Academy of Sc i enc e s 1 9 7" 7 )  - � 1 'Jlnan experiments at moderate 
l evel s have shown evi dence of i nfl ammat ion  a s  meas l1rpd by d i rrli n h hed l ung comp l i ance , but , 
u n l i ke the effects of  SO � ,  th i s  reaction  see:�s to I.>e d21 i' yed <;f v e ra l  hours a fter the onset of 
exposure . As w i th S02 and 0 ] ,  there is  a pl�tec t i \ e  h� b l (ua t i 0n G f fec t to t h e  cons equences of 
acute i nfl ammati on .  The protect ion  does 1 10t  ne'; e s c, a r i  i y  "I I U I '; ' J  eHeets ctner than acute 
i nfl alTll1ati on . I n  fac t ,  i n  the o p i n ion  of many res e a n iwrs th"  ', ',"ver:, f' 'i s true : the mechan i sm 
of habi tuation  to the acute i nfl ammatory res ponse may be part ,) 7' '�he 2ffect of' chro!1 ic  tox i c i ty .  
N02 seems t o  reduce c i l i ary action  i n  the same f a s h i on a s  SO; , 

5 . 9 . 5 . 3  Carbon D i ox ide ,  Carbon Monox i de 

I n  the Ra l l  report , i ncreased product i on of carbon d i ox i d e i �  i d en t i f i ed a s  a potent ia l l y  s i g n i f i 
cant resu l t  of i ncreased coal u se .  Very l a r'ge i nu'eas'! s  i n  a tlllo S ph('r i c  c a rbon d i ox ide ( C02 ) cou l d  
produce c l i mat ic  changes by means of a " green house  e ff ect "  ' s ee Ser t i o n s  4 . 2 . 1 . 5  and 5 . 3 . 1 ) ,  
wh i c h  cou l d  adversely i nfl uence popu l at i on hea l t h  from hea t s t re s s , l he i mpacts of i ncreased 
CO2 emi ss ions  resu l t ing  from the FUA prog ram are not expec to0 to be s i g n i f i c an t  compared to the 
g l o ba l  product ion of C02 emi ss i ons . 

Carbon monox i de ( CO )  may be produced duri ng i ncompl ete comb u s ti on of (081 , and i s  therefore most 
1 i ke l y  to appear when a concerted effort i s  be i ng mad ," to crmtra ! i lOx emi s s i ons . CO i s  best 
known for i ts affi n i ty to hemag l ob i n ,  comb i n i ng to fOl lf ciJ r!:;oxyhelwJ g l ob i n  ( COHb ) ,  wh i ch has a 
very l ong resi dence t i me i n  the b l ood ( UStPA 1 970 ) .  , \ t  COHc b l o,Jd l evel s rjreater- than 1 . 3 percent 
over e i ght hours , persons wi th s tabl e coronary a rtery r)-i S80_ s e  ( c\'l CJ i na Pf:ctOr- i S )  may beg i n  to 
note i ncreased frequency and duration  of symptoms ; c, t b 1 Clod I P \- 2 : :; oi l .  9 oercent ,  excess deaths 
may occu r  among peopl e wi th pre-exi s t i ng rard i ova � : u l a r  j i sn � � c  ( � j ckney 1 97E ) ,  

5 . 9 . 5 . 4  Hydrocarbons 

The network of  aromatic  carbon compounds i nterspel"sed vri U ,  1; 3 1 ' i o lJ 5  he ter'ocycl i c compounds which 
composes coal  prov i des the potent i a 1 for the forillct t i 0 1] of il ', I -i dp V f\ ;  i ety of organi  c effl  uents , 
espec i a l l y  dur i ng trans -l ent  operatinCJ  cond i ti ons vlh i d, pel':cl i t  i W:f}lilp l ete combust ion . 

The consequences of hydrocarbon i nhal a t ion  a r-e COI1!p l ex [,[,\.iW S f  Ule i nha 'l ed substances are a l ways 
i n  m i xtures . Th i s i ntel"mi ngl i ng of compounds llIa k e s  i t  v i ' cua 1\ y  i nlpo s s -l b'l e i n  f ie l d s tud ies  to 
incrimi nate any s i ng l e  materi a l  as the c a u s � t i ve agen t o f  p a t h0 1 u g i c  chanCJ2s , However , i n  
expe rimental s i tuat ions  several orga n i c COlilpou n d s  d Y' j ; i l!q  -i l'l)l11 the  cIJlllbu s t i o n o r  proces s i ng of 
coal have been i dent i f i ed as ei ther known 0 (' " s IJ s iJec t '  ! � , c i nngt'n s ;  other s have been i denti f ied 
as strong eye and l ung i rr i tants . 

The i ntens i ty of acute a n d  c h ron i c  i nfl ammatory reac t i ,)[ iS dep'�flli O i l  the r:;pec i f i c  tox i co l og i cal  
properties  of  the po l l utant .  Ol ef ins  o � '  unsatuta Ud ,) , de!I),(:''': , r i l l  e;,,'l:lpl f: ,  produce more 
noti ceab l e  i rri tation  tha n do saturated a l oehy,il :' . T ; le : "  �,I}i i f ' lY ; ; , , _ ," : " '> ',5 '" l t h the add i t i on 
of a doub l e bond and decreases w i th i n .:reas i n9 lTlo : ec u : a  \-1e i ',;,, '; � , ;\ ; , , : ' ;:: ' [;2S eal';;r: C o u n c i l  
1 976a } .  Po l ycyc l i c  compounds have the n:oc" t  S e d 'Yh Dotel , t i il i  : c, '  ,: il >'( i nc-qf; n i c  effec ts . 
Pol ycyc l i c  aromat ics  and  a za-arenes deri vc'd how V1EC ['pn i a n U: '-;' ,:: c n o. ', k l� " ('tOIl h 3.ve been s hown to 
conta i n  a n umber of strong carci nogen i c  agents ( F l'eudenth" i d cl, l I '.!.' ;, ) , The most  \�i del y 
stud ied i s  benzopyrene ( Na t i onal  Research Coun� i l  1 97Gb ) wh i c h ! , ij �  be?n r l ectrly establ i s hed a s  a 
causati v e  factor in s k i n  and l ung  cancel'S among  e/ :H?r- i !' I,'. ! , L,' l 1 ', :� : : 

Accord i ng to the Ra l l  Repo rt , i t  i s  pOS S 'i bl e  thd i V YT J ' r;C1 l Ui': h!I ' -" : clr1 !· f rom coa'j u ti l i zat ion 
may res u l t  from the l ocat ion  of mar ty sma l l ,  i npff h: i ' ' -It  i " ,] , ' " , '  , U.�IJ�, stors wHh i n urban areas . 
The potenti a l  therefore ex i sts for gr'eater i nc i ri,�;:C(, of 0u i " iU ;" " J r ! ,,�; u l c, SDl i f  an assoc i at ion  of 
thi s di sease state and the emi ss i on c h a ra c t e r i s t i c s  i s  � r 0v e n , 

5 . 9 . 5 . 5  Photochem ica l  Ox i dants 

Photochemi ca ' I  reaction  product� c a n  be VlflS i dey  c,',: ', S " ; ': -,r",'''" i fT'.!"I;.!..' ;; " ,}I crJfl1br; s t  i on processes . 
These compounds resu l t from the i ntera c t i or w i th u l tra� i ol p t I Jd i 3 t 1 nn a nd the Gx idat ion of 
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emi tted hydrocarbons .  Ozone and the PAN series are exampl es of th i s  group . P hoto-oxidation i s  
a l so a pathway for a l dehyde format ion .  

The  production of  photochem i ca l  oxidants i s  usua l l y  t ied c lose ly  to  combustion processes wh ich  
rel ease l arge amounts of  unburned hydrocarbons , such  as  these i n  i n ternal combustion  eng i ne 
exhaust .  The combustion  envi ronment of i ndustrial  energy processes burn i ng coal i s  not conduc i ve 
to the formation and rel ease of s ubstantia l  quanti ti es of the precursors of photochemical  oxidants . 
Therefore , photochemical  oxi dant formation i s  not bel i eved to be a s i gn i f i cant i ss ue for the 
proposed program.  

5 . 9 . 5 . 6  Parti cu l ates and Trace E l ements 

A s i gn i ficant portion of coal combustion products are the microscop i c  sol i d  parti c l es and l i qu i d  
dropl ets , termed parti cu l ates , formed during  and after combusti on , The s i ze range for the 
part i cul ate matter from coal combustion  ( 0 . 01 to 1 0  u range of equ i va l ent aerodynami c  d iameters ) 
neatl y brackets the s i ze defi ned for res p i ra bl e  part i cl es . Thus , these particul ates pose a 
s i gn i fi cant potentia l  for adverse human hea l th effects . D i rect combustion  processes g i ve ri se 
to primary part icu l ates whi l e  secondary part i cul ates can be formed from the post-combustion  
i nteract ions  of gaseous products and  sun l i ght .  The su l fates , n i trates , and hydrocarbons usua l l y  
resu l t from photochem i ca l  reacti ons . The s i ze range associ ated wi th these parti c l es i s  0 . 01 to 
1 u ( Fennel l y  1 976 ) . 

The effects of parti cu l ate or parti cul ate-borne emi ss ions on h uman heal th are determi ned by 
three factors : the compos i t i on of the particu l ates , the i r  s i ze ,  and the amount of time they 
spend i n  contact w i th sen s i t i ve ti s s ues . For exampl e ,  part i cl e s i ze has a strong infl uence on 
the probabi l i ty of  part i c l e  depos i t ion and the anatomical  s i te in  wh ich  depo s i tion occurs in  the 
l ung . Parti c l e s  l ess  than about 0 . 01 u in d iameter tend to behave as gases and may not be 
depos i ted at a l l .  Parti c l es with  d i ameters 0 . 1  to 1 u are depos i ted predomi nentl y i n  the 
a l veo lar  or  pu l monary reg i ons , wh i l e  l arge partic l es show a greater tendency to deposi t in the 
nasopharyngeal and tracheobronch i a l  reg ions ( Natusch and Wa l l ace 1 974a ) . 

A cytotoxic  materi a l  can i nfl uence i ts own rate of c l earance . Such a s ubstance can damage or  
destroy the  phagocyte , thereby d i rectl y reduc i ng macrophage acti on . Over t ime ti s s ue reaction 
to a sequestered partic l e can resu l t in  the progress i ve segregation  of the fore ign  body beh i nd a 
mas s  of f i brous materi a l , mak i ng removal more d i fficul t .  The formation  o f  the s i l i coti c nodul e 
i s  an exampl e o f  the l atter type of reaction ( Casarett and Dou l l 1 975 ) . 

The tox i c  effect produced by res p i ra bl e  part i c l es can a l so depend on the chem i ca l  s pec i es con
ta i ned there i n .  Sma l l parti c l es are general l y  more toxi c  than l arge ones ( Natusch and Wal l ace  
1 974b ) .  A s ubmi cron fl y-ash  part i cl e presents a doub l e  threat to human hea l th .  Not on l y  does 
it reach the pul monary reg ion of  the l ung  and rema i n  there for extended peri ods , i t  a l so del i vers 
rel at ive l y  h i gh concentrat ions  of combustion effl uents . Because they can absorb S0 2 and other 
i rri tant gases and vapors , res p i rab l e part icu lates have the a b i l i ty to magn i fy the i r  i n it ia l  
effects by hol d i n g  h i gh concentrati ons of  these i rri tants i n  cl ose proxim ity to sens i t i ve t i s s ues 
for protracted peri ods . 

Accord i ng to the f i nd i ngs  of the Ra l l  Comm i ttee , toxic  effects from ac id  su l fates i n  comb i nat ion 
wi th other part icu l ates may far outwe i g h  any effects from S02 or parti cu l ates a l one.  

The s u l fate i o n ,  for exampl e ,  is  often assoc iated wi th smal l particl es and aerosol s  and appears 
to be a potent i rr itant.  Th i s  i s  probab ly  due i n  part to the fact that the i on forms a very 
strong and reacti ve ac id and a l so to the fact that i t  i s  so strongl y associ ated with  the par
t icu l ates (Amdur 1 975 ) . Cat ions  associ ated wi th sul fates are important med i ators of i rritant 
potency (Amdur 1 971 ) .  Pure s u l furic ac i d  ( H 2S04 ) and ferri c ammon i um su l fate ( FeNH 4 [S04J 2 ) 
are the most potent forms . 

F i na l l y ,  particu l ates act as carri ers of many trace el ements and hydrocarbons i n  the effl uent 
stream . Many orga n i c  particu l ates conta i n  the known carc i nogen benzopyrene and rel ated compounds 
( Nat ional Research Counc i l  1 976b ) .  Trace e l ements are capa bl e  of i n terferi ng wi th and d i srupting 
the funct ion of the central nervous  system and other organ systems of the body unrel ated to the 
res p i ratory system ( Du l ka and R i s by 1 976 ) .  

Contrary to other phases of the coal cyc l e ,  a quantitat ive assessment has not been i nc l uded i n  
th i s  report for publ i c  hea l th i mpacts of the i ncreased a i r  pol l ution from the proposed action . 
Cons i derabl e  uncerta i n ty exi sts i n  the estimation of heal th effects from the combust ion phase of 
the coal cyc l e ,  where est imates range over several  orders of magn itude (Coma r and Sagan 1 976 ) .  
Th i s  i s  l arge l y  due to the l ack  of  a rel i ab l e  data base for pred i ct i ng hea l th effects from the 
vari ous  pol l utants emi tted from coal combustion  and the effect of the EPA New Source Performance 
Standards and Best Ava i l abl e Control Technol ogy for coal combustors regardi ng particu l ate and 
sul fur emi ss i ons i n  future years on a l on g-term bas i s .  As pO i nted out by the Ral l Committee , 
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it i s  not poss i bl e  to pred i ct wi th confidence the ambi ent air l eve l s of  tox i c  components even 
when the l ocat i ons  of the sources and the quanti t ies  of emi s s i ons  are known . Th i s  has i ntroduced 
an u nsati sfactory degree of u ncerta i nty to a l l such estimations . 

5 . 9 . 6 Waste Di sposal  

The potent ia l  heal th effects of  ash  and s l udge di sposal are suff i c i ent ly  s i te s pec i f i c  to be 
unquanti fi abl e at th i s  t ime . They wi l l  depend on the amount of ash , mode of di sposal and 
d i s tance to d i sposal s i te .  I t  i s  ant i c i pated that the primary occupational heal th effects wi l l 
res u l t from exposure to fug i t i ve dusts . I f  was te di sposal takes pl ace away from the s i te of  
combust ion , the  r isk  of  veh i c l e acc i dents is  i ncreased . 

The pub l i c  heal th i mpacts of waste d i sposal wi l l  a l so ta ke two di recti ons . Persons c l ose to the 
was te di sposal s i te may s uffer i ncreased resp i ratory d i sease i nc i dence rel ated to the fug i ti ve 
dusts . More important i s  the poss i b i l i ty of a contami nated water supp ly  from the waste l eachate 
or d i rect sp i l l age i nto s urface waters .  Water qua l i ty has a s i g n i fi cant i nfl uence on popul ation 
heal th . Al kal i n i ty is  i mportant  because it i nfl uences the amounts of  chem i ca l s necessary to 
treat muni c i pal water s uppl i es .  I ns uffi c i ent a l kal i n i ty requ i res that add i t i onal chem i ca l s be 
added to the water before d i str i bution . The pH of the water affects i ts corros i ve ab i l i ty as  
wel l as the  treatment proces ses of  coagu l ation  and  ch l or i nation . The sol ub i l i ty of  metal com
pounds i s  a l so affected.  Di ssol ved sol i ds are undes i rab l e because of the ir  l axat i ve effect on 
h umans  ( primari l y  from magnes i um s u l fate and sod i um s u l fate ) and the del eteri ous effect of 
sod i um on certai n  cardiac pati ents . Suspended sol i ds are important for thei r i nfl uence on 
effecti ve ch l ori nation of water s uppl i es .  Many of the d i ssol ved meta l s  found i n  water can be 
del eterious  to h uman heal th . Bari um,  for exampl e ,  is read i l y  absorbed through the gastro i n 
test i na l  tract a n d  h a s  a toxic  e ffect o n  the cardi ovascu l ar system . Cadmi um i n  drinking  water 
can affect the bones , wh i l e  l ead can impa i r  neuro l og i ca l  and motor devel opment and can damage 
the ki dney in ch i l dren ( USEPA 1 976 ) .  These ki nds of pub l i c  heal th impacts are a l l poss i b l e  i f  
the combu stion  wastes are not properly d i sposed. Leach i ng of trace substances from coal ash  and 
fl ue-gas des u l furi zation s l udge i s  i dent i f i ed in the Ra l l  Report as a potenti a l l y  s i gn i fi cant 
source of pub l i c  heal th i mpact .  Thi s  poss i b i l i ty must be m i tigated through careful mon i toring 
of d i sposal s i tes . There i s ,  however ,  l i tt l e  experi ence to i ndi cate the l each i n g  and m i gration 
rates of toxi c  substances from l arge-scal e  di s posal  as wou l d  be requ i red by the proposed act ion .  

5 . 9 . 7  Recommendat i ons  for M i t i gation of  Potent i a l  Hea l th Effects 

It i s  concl uded in the report of the Commi ttee on Hea l th and Env i ronmental Effects of I ncreased 
Coal Uti l i zation  associ ated wi th the National  Energy P l an ( NEP ) that the el evation of gases and 
aerosol s near or above current amb i ent  l evel may be associ ated wi th i ncreased respi ratory d i sease , 
acute and chron i c ,  i nc l u d i ng l ung cancer . Two urgent con s i derations need answers : ( 1 ) i dentif i
cation of  the chem i ca l  spec i es i n  t he  aci d  part icu l ate compl ex ch i ef ly  respons i bl e  for the  heal th 
effects , and ( 2 )  quan t i f i cation  of the actua l hea l th impacts of defi ned amount l evel s of a i r  
po l l ut ion . I t  a l so i s  concl uded i n  the Report that potent ia l  hea l th impacts from i ncreased coal 
use cou l d  be reduced by adherence to f i ve pol i c i es .  These pol i c i es are : 

1 .  Comp l i ance with  federal and state a i r ,  water , and sol i d  was te regu l ation s .  
2 .  U n i versal adopti on and successful operat ion o f  best avai l ab l e control techno log ies 

on new fac i l i ti e s .  
3 .  Compl i ance wi th rec l amation standards . 
4 .  Comp l i ance with  mine  hea l th and safety standards .  
5 .  J ud ic ious s i ti ng o f  coa l -f ired fac i l i t i es . 

The Commi ttee ' s  basi c  fi nding i s  that i t  i s  safe to proceed with  the NEP through 1 985 i f  strong 
envi ronmental and safety pol i c i es are fol l owed .  S i nce the Ral l Report ana l ys i s  was based on an 
i ncremental  coal u se two and one-ha l f  times that of the FUA projections , it is therefore conc l uded 
that the FUA i mpacts wi l l  be m i n imal g i ven these same consi derations .  
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6 .  UNAVOI DABLE ADVERSE ENVI RONMENTAL EFFECTS 

I ncreased consumption of domest ic  coal as primary fuel  i nstead of o i l  or gas at both exi st i ng 
and new maj or fuel -burn i ng i nsta l l at i ons  wi l l  cause unavo i da bl e  envi ronmenta l impacts , even 
after appropri ate pol l u t i on control mea sures are ta ken . I n  fact,  the po l l u t i on cQntrol measures 
themsel ves present prob l ems in the area of sol i d  waste d i sposa l . T h i s  sect ion  del i neates the 
adverse effects wh ich  may occur for each impact area ( a i r ,  water , l and , etc . ) and the potent ia l  
to  m i t i gate s uch  effects . 

6 . 1  AI R QUAL ITY 

The proposed acti on i s  proj ected to resu l t  i n  i ncreased ground- l evel concentrati ons of S02 ' 
part i cu l ates , and n i trogen oxi des i n  1 04 of the 2 38 A ir  Qual i ty Control Reg ion s ( AQCRs ) through  
1 985 and in  1 41 AQCRs through  1 990 .  The predi cted maxi mum S02 concentrati on i ncrease is  l ess  
than  2 . 5  �g/m3 . The  maxi mum predi cted reg i onal total suspended part i c u l ates (TS P )  concentrati on 
i s  l ess  than 1 . 5 ��/m 3 .  The maximum base-case S02 and T S P  concentrat ions  duri n g  th i s  same t ime 
peri od are 69 �g/m3 and 75 �g/m3 , respecti vely . I n  th i s  worst-case reg i onal  ana l ys i s  i t  has 
been assumed that New Source Performance Standards ( NSPS )  wi l l  be the on ly  restri cti ons on a i r  
emi s s i ons  from combust ion through the t ime peri ods analyzed . Thi s p l aces the l i mi t a t  1 . 2 l b  
S02/ 1 06 Btu , 0 . 1  l b  TSP/ 1 06 Btu , and 0 . 7  l b  NOx/ 1 06 Btu . 

I n  add i t i on to these s tandards , the NSPS prov i s i ons of the 1 977  Cl ean A i r  Act Amendments w i l l  
requ i re " the achi evement of  a percentage reduct ion  i n  the emi s s i ons  from s uch category of sources 
from the emi s s i ons wh i ch wou l d  have resu l ted from the use of fue l s  wh i c h  are not s ubject to 
treatment  pri or to combus t i on . "  Th i s  requ i res that new fac i l i t i es s u bj ect to Sect ion  I I I  of the 
C l ean A i r  Act i nsta l l the " bes t technol o g i ca l  system of conti nuous  emi s s i on reduction  . . .  wh i ch 
the Admi n i strator ( of EPA ) determi nes has been adequate ly  demons trated . "  The use  of natural l y  
l ow-su l fur coal s ,  whi l e  contri but i ng t o  State Imp l ementation  P l an attai nment ,  does not consti tute 
a " techno l og i ca l  sys tem" ; consequentl y ,  new emi s s i on sources may not rel y on fuel characteri st ics 
i n  order to comply w i th emi s s i o n  l imi tations establ i shed u nder Sec t i on 1 1 1  of the C l ean A i r  Act . 
I t  i s  proba bl e  that s ul fur reduct i ons of  at l east 85 percent and parti cul ate reducti ons of 99 . 5  per
cent wi l l  be mandated . A s tate governo r ,  the EPA adm i n i strator ,  or the Pres ident may proh i b i t  
maj or  fue l - burn i ng sources from u s i ng any fuel s "other than l ocal l y  o r  reg i onal l y  avai l ab l e coal 
or coal derivati ves . "  The operator of the fuel - burn i ng source may be req u i red to enter i nto 
l ong-term contracts for l ocal coal and a l so to contract for add i t i onal emi ss i on abatement dev i ces 
requ i red to comply w i th emi s s i on standards . 

If an area i s  not i n  comp l i ance wi th one or more ambient a i r  qua l i ty standards ,  a preconstruction 
perm it  requ i red pursuant to Secti on 1 72 of the C l ean  A ir  Act (42  USC , Section  7502 ) may not be 
i ssued u n l ess  add i t i onal emi s s i on s  from the proposed new source wi l l  be offset by reduced emi s
s i ons  from ex i s t i ng sources i n  the same AQCR such that total emi s s i ons  after the new source 
beg i ns operati ons are l ess  than the tota l emi s s ions pri or to i ts permit  appl ica t i on . 

6 . 2  WATER RESOURCES 

Many of the potenti a l  i mpacts on water resources are avo i da b l e  on a s i te- spec i f i c  l eve l : hydro
l og i c  and water qual i ty protection  i s  speci f ied for surface and groundwaters i n  accordance wi th 
the S urface Mi n i ng Contro l and Rec l amat i on Act of 1 977  and other l eg i s l ation . However ,  drai nage 
from underground mi nes (with  ac i d i ty ,  trace e lemen t ,  and di sso l ved sol i ds l oads )  has proven 
di ffi cul t to contro l , even wi th the app l i cation  of such technol ogy as mine  seal i n g .  In  add i t i on 
to the obvious  i ns u l ts to water qual i ty represented by unreg u l ated effl uent re l eases , even the 
d i scharge of effl uents in accordance wi th envi ronmental reg u l a t i ons  assumes d i l u t i on by recei v ing  
waters i n  order to  meet qua l i ty cri teri a for  the  protecti on of aquati c  b i ota ,  dri n k i n g  wate r ,  
a n d  other uses . Thu s ,  the a ss imi l at i ve capac ity of water resources i s  stressed . Some ac i d i fica
tion  of aquat ic  systems via ac id  prec i p i tation  is  expected as a res u l t of stack emi s s i ons . The 
l ong-term l oading  of  aquat i c  systems with l ow-l evel i nputs of trace contami nants from a l l parts 
of the coa l cyc l e  has poorly unders tood i mpl i cat ions , but represents an unavoi dab l e  impact . 

Stri ctly i n  terms of water consumpti on , the major unavo i da b l e  impact of the conver s i on pol i cy i s  
expected t o  b e  the water requ i rement o f  rec l amat ion i rr i gat ion i n  ar id  coa l resource areas . 
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6 . 3  LAND USE 

The princ i pal unavo i dabl e ,  adverse i mpact on l and use res u l ti ng from the proposed acti on wi l l  be 
the preemption of l and for m i n i n g  and d i sposal of combusti on wastes . Al though these l ands wi l l  
even tual l y be rec l a i med , the l and wi l l  be severe ly  d i s rupted for rel at i ve ly  l ong periods of t ime 
d ur ing  the mi n i ng and was te d i s posal proces ses . An estimated 20 , 000 hectares ( 4 9 , 200 acres ) of 
l and wi l l  be d i srupted d i rect ly  by surface m i n i n g  dur ing  the period 1 978 to 1 990 and an equ i va
l ent amount may be i nd i rec tly d i sturbed for use as roads , ra i l  l i nes , bu i l d i ng s ,  process i ng 
fac i l i t i es , etc . Assumi ng  a 40-year l i fespan for each pl ant affected by the program , 1 3 3 , 000 hect
ares ( 328 ,000 acres ) of l and may be d i sturbed by the year 2030.  Lands d i s rupted for was te 
d i s posal wi l l  amount to an estimated 1 0 , 300 hectares ( 2 5 , 500 acres ) by 1 990 and 6 9 , 000 hectares 
( 1 7 0 ,000 acre s )  over the l i fetime of the fac i l i ties . 

6 . 4  ECOLOGY 

6 . 4 . 1  Terrestri al 

The major  adverse impact due to the pro gram wi l l  be l osses of  dec i d uous forests and grassl and 
communit ies  due to i ncreased s urface m i n i ng . After rec l amati o n ,  decades wi l l  be requ i red to 
recover the structure and compl exity of forest communi t ies .  Al though combustion  emi ss ions  due 
to the program a re not expected to ach ieve concentrations  at  a reg i onal l evel to cause damage to 
terrestrial  bi ota , non-vascu l ar  pl ants ( e . g . , l i chens and mas ses ) may be adversely affected . 

6 . 4 . 2  Aquatic  

The  major  potenti a l  i mpacts on aquat ic  b iota resu l t i ng from thi s pol i cy are expected to be 
control l abl e on a s i te-spec i fi c  l evel . Neverthel ess , res i dual i mpacts of an unavoidab l e  nature 
to be expected i nc l ude l ong-term ecosystem responses to water qual i ty s h i fts ; name ly ,  effects on 
body burdens of  contami nants , and effects on commun i ty structure and producti v i ty .  In general , 
commun i ty compo s i tion wi l l  �end to become s i mp l er ( l ess  d i verse ) and product i v i ty wi l l  decrease 
as a resu l t of the impacts ( water qual i ty s h i fts and hydrol og ic  a l terat ions ) produced by the 
pol i cy .  

6 . 5  HEALTH EFFECTS ( ACCI DENTS ) 

On a nat ional basi s ,  i ncrea sed coal use a s  a resu l t of  the proposed acti on i s  expected to resu l t 
i n  the hea l th impacts s hown i n  Tabl e 6 . 1 . 

Tab l e 6 . 1 . Summary of Hea l t h  Impacts Expected to Res u l t  from 
Increased Coal Use  due to the Propo sed Act ion 

1 985 1 990 

Fatal i t ies  Nonfatal Fatal i t ies  
Cycl e Component and ( acci dent Accidental ( acci dent 
Exposed Po pul ation and d i sease)  I njur ies and di sease ) 

Extract ion and c l ean i n g  

Occupational  9 551  1 6  

Transportation 

Occupat ional ( ra i l road worker ) 7 71 4 1 3  

Gen eral publ i c  
H i g hway grade cross i ng  1 2  26 24 
Trespa ssers on ri ght-of-way 1 3  7 25  

D i sposal Potenti al Source of impacts . 

Nonfata l 
Acc idental 

I n jur ies 

1 070 

1 330 

5 1  
1 3  
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Nearly hal f of al l the nati onal hea l th impacts from the proposed action are expected to occur as 
a resul t of i ncreased coal use in  Demand Reg i on V I .  The rema in ing  impacts are proj ected to 
occur as a res u l t  of i ncreased coal use in  Demand Reg ions I V ,  V ,  and I X .  I ncreased production 
from underground mi n i ng wi l l  be refl ected i n  coal extraction and c l eaning  occupat i onal injury in  
Supply Reg i ons 2 ,  5 ,  and  6 .  The  d i s tance requi red to  transport coal i nto Demand Reg ions V I  and 
I X  i s  projected to resu l t  i n  greater acc idental i nj ury for both the occupati ona l popu l at i on 
( ra i l road workers ) and general popu l at ion ( h ighway grade crossing acc idents and ri ghts -of-way 
trespas sers ) .  

These impacts cou l d  be reduced by a pol i cy of  ri gorous adherence to federa l and state a i r ,  water 
and sol i d  waste regul ations , operat ion  of best ava i l ab l e  control technol ogy , and compl i ance wi th 
coal -mi ne hea l t h  and safety standards . 





7 .  I RREVERS IBLE  AN D I RRETRI EVABLE COMMI TMENTS OF RESOURCES 

I rrevers i b l e  commi tments general l y  concern c hanges i n i t i ated by the proposed acti on wh i c h ,  a t  
some l ater t i me , cou l d  not  be a l tered s o  a s  t o  restore t h e  present o rder of  env i ronmental  
resources . Genera l l y ,  these i rretri eva b l e  commi tmen t s  are the u se  or consump t i o n  of resources 
that are nei ther renewab l e  nor  recoverab l e fo r s u bsequent use . 

7 .  1 f� I N E RAL R ESOU RC ES 

The max i mum coal  demand t ha t  cou l d be generated by th i s program is a pp ro x i mate l y  1 30 m i l l i o n  
ton s  of  coa l  pe r year i n  1 99 0 .  T h e  proj ected c o a l  demand i n  1 990 i s  a pproximate ly  1 257 mi l l i on 
tons , so t he ma x i mum i mpact o f  t h i s p rogram wou l d res u l t  i n  a 1 0 . 3  percent i nc rease i n  demand .  
Current demon strated coal  reserve fo r t he U .  S .  a re 436 , 735  mi l l i on  ton s . T h i s  program wi l l  
onl y ut i l i ze 0 . 03 percent per year o f  these reserves . Th is  does not res u l t i n  a rap i d  depl et i on 
of  current reserves , part i cu l arl y when v i ewed aga i ns t  the a l terna t i ve of  u s i ng add i t i onal  scarce 
o i l  and gas .  

7 . 2  WATER RESOURCES 

Water consump t i o n  because  of t h i s program wi l l  be mi n i ma l  and i s  expected to be the water 
requ i red for rec l amat ion  i rr i ga t i o n  i n  a r i d  coal resou rce area s .  Aqui fers wh i c h  e i ther ex i st 
a bove the coal  o r  a s  part o f  t he coal  w i l l be permanent ly  d i s rupted by surface m i n i ng .  

Low- l evel i nputs  o f  t race contami nants from a l l pa rts o f  t he coal  cyc l e has poor ly  understood 
imp l i cat i ons , but represen ts an i rrevers i b l e  i mp ac t .  I n  a dd i t i o n  some a c i d i fi cat i on of  aqua t i c  
sys tems v i a  ac i d  p rec i p i ta t i o n  i s  expected a s  a res u l t o f  stack emi s s i on s . 

7 . 3  B IO T I C  RESOURCES 

Al t hough  l and d i s tu rbance because  of m l n l ng and was te d i s posal  i s  con s i dered to be s hort- term, 
some of the more comp l ex ha b i tats  a nd some b i ota w i l l  be e l i mi nated . The i n creased pol l utant 
l oad i n g  to aquat i c  ecosystems may have l ong-term o r  c umu l ati ve effects on reg i ona l  aqua t i c  
product  i v i ty .  

The i nc reased combus t i on emi s s i ons  due  t o  the program a re not expected t o  cause  v i s i bl e  d amage 
to terrestr i a l  ecosystems . However,  effect s  on eco sys tems s u bjected to pers i stent l ong-term 
pol l u t i on l evel s are poo r ly  known . These chro n i c  and l ong -term effects take o n  added s i gn i f i 
cance i n  natural  ecosystems because  o f  the rel at i ve permanence of the vegeta t i on and other com
ponents , co u p l ed wi th t he del i cate bal ances that e x i s t  between a l l component s .  

7 . 4  LAND-USE COMMITMENTS 

Commi tment of l and resources fo r i nc reased coal  produc t i on and  combu s t i on i n  general i s  s hort
term and is ne i t her i rrevers i b l e  nor i rretri evabl e .  Or i g i na l  produ c t i v i ty of the l and can be 
restored after m i n i ng i n  mo s t  c ases . Such rec l amat i on i s  requ i red by the Surface Mi n i ng Rec l a
mat i o n  and Control Act o f  1 977 . Landfi l l  a reas  used fo r d i sposa l  of combu s t i o n  wa stes wi l l  be 
man a ged to promote t he protec t i on o f  heal th a nd the env i ronment under prov i s i on s  set out  i n  the 
Re source Con servat i on a nd Recovery Act of 1 97 6 .  

7 . 5  HUMAN RESOURCES 

Two soc i a l  i mpacts from t he coal  convers i o n  p rogram are con s i dered i rretri evabl e ,  but these can 
be attri buted d i rect l y  to  t he o vera l l n a t i ona l  p rogram to s h i ft to coal . F i rs t ,  there wi l l  be 
soc i a l  i mpact on  some vles tern commun i t i e s  whi c h  may undergo a permanent 1 i festyl e c hange as they 
c hange from a rural  range a nd ranc h i n g  economy to a more urban-ori ented m i xed economy parti a l l y  
ba sed o n  coal resources . 
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A decrease in a i r  qual i ty i s  cons i dered to be one i nd i cator of the qual i ty of l i fe .  On that 
bas i s ,  the second soc i a l  cost wi l l  be a decrease in the qua l i ty of  l i fe .  The s l owi n g  of improv
i n g  a i r  qual i ty is not cons idered i rrevers i b l e .  Neverthel ess , whatever add i t i onal ga i n  in a i r  
qual i ty i n  the next ten years that wou l d  have been made by the continued combustion o f  o i l  and 
natura l  gas wi l l  be i rretrievab ly  l os t .  These ga i ns  foregone wi l l  be i rretrievabl e  for that 
period of  time that coal combustion c l ean-up equ i pment  cannot compete with burn i n g  of  natura l  
g a s  and coal . 

Concomitant with the i ncreased use of coa l are occupati onal and pub l i c  nonfatal and fatal acc i 
dents . These accidents are projected to occur from extracti on , c l ean i n g ,  and transportation of 
coal . 



8 .  RELAT IONSH I P  OF LAND USE PLANS , POL I C IES , AND CONTROLS 

The convers ion  of exi st i ng and construct ion  of new natural gas- and petrol eum-burni ng fac i l i t ies  
to  other  fuel s may imp i nge on  l ocal  and  reg i ona l  pl ans and  pol i c i es .  W i th the  greater l and 
requ i rements for coal and was te sto rage of s im i l ar ly  s i zed coal pl ants , confl i cts wi th l ocal 
pl ans  are l i ke ly  to devel o p .  Pl anned pl ant expans ion s  may b e  preempted for space by l and needed 
for coal handl i n g  fac i l i t i es ,  o r ,  because of l and or pol l ut i on constra i nts , coa l pl ants may be 
s i ted i n  l ess i ndustri a l i zed a reas . Transportation  access to the pl ant  may be somewhat a l tered 
to ensure coal suppl i e s  to the pl ants . Conformance wi th l ocal  p l a n s  and pol i c i es wi l l  have to 
be eval uated on a s i te-by- s i te bas i s .  

Several federa l pol i c i es and l aws have the potent i a l  to be i n  confl i c t  wi th i nd i v i dual conver
s i on s i tes . Many of these pol i c i es and l aws are bri efly descri bed i n  Sect ion  2 ;  a l l are h i gh
l ig h ted bel ow . Confl i c ts may a r i se rel ated to spec i f i c  i nd i v i dual  s i tes , mi nes , or was te d i s 
posal areas . S u c h  confl i cts �Ii l l  be resol ved prior t o  Department of Energy ( DOE ) acti on .  

1 .  Ac t :  Prime a nd Un i que Farml ands Po l i cy 
Agency : U . S .  Department of Ag r icu l ture , So i l  Conservation  Serv i ce 
Source : Secretary of Ag r i cu l ture , Memorandllm No . 1 827 , 1 CFR 762 , and Fed . Reg i s t .  

43 ( 1 ) :  4 0304033 

Thi s pol i cy requ i res i denti f i cat i or, of pr ime and un i que farml and associ ated w i t h  federal 
actions  and req ui res that such l ands be preserved whenever poss i b l e .  M i n i ng . waste d i s 
posal . and combus t i on effl uents have t h e  potent ia l  t o  confl i ct wi th  th i s  po l i cy .  Howeve r ,  
the program i s  no di fferent than any other s i t i ng dec i s i on i n  t h i s  regard . 

2 .  Ac t :  Surfac e Mi n i ng Rec l ama t i un and Control Act o f  1 97 7 . 
Agency : U . S . Department of the I nter i o r ,  Off i ce of Surface Mi n i ng Rec l ama ti on  and Enforcement 
Sourc e :  Fed . Reg i s L  42 ( 2 3 9 ) : 62639627 1 6 ( December 1 3 , 1 977 ) ;  30 CFR 700 

Thi s  l aw i s  des i g ned to protec t heal th a nd mi n i m i ze damage to the envi ronment from s urface 
m i n i ng ,  to bal ance env i ronmen tal protec tion  standards wi th coa l product ion  goa l s ,  and to 
coordi nate s tate and Federal regu l a tory programs . Because the program requi res more produc 
t ion  of coal , th i s l a\'I may affect ( i 'l theo ry ) the ava i l abi l i ty of  certa i n  coa l s .  

3 .  Ac t :  Federa l Wa ter Po l l u t ion  Contro l Act o f  1 97 2  and Amendments 
Ag ency : Envi ronmenta -I Protec t i on Agency 
Source :  State- i mpl emented sta ndards 

The purpose of  t h i s act is to ma i nta i n  and enhance water qua l i ty in the Un i ted State s .  Coal 
convers i on wi l l  i nc rease the number of  coa l p i l es and may add to runoff . D i s charQes to 
water bod i es from coal cor lver s i on a re control l ed by NPDES permi ts . The U . S .  EPA has de l e
�ated enfo rcement of the program to some states . 

4 .  Act :  Safe Dri n k i ng Water Ac t 
Agency : Env i ronmental Protec t ion  Agency 
Source : State impl emented standards 

The purpose of th i s  l aw i s  to assure safe dri n k i ng wa ter for the pub l i c .  No v i o l a ti ons  of 
th i s  l aw a re expected because  of the propos ed acti on . 

5 .  Act :  Endangered Spec i es Act o f  1 97 3  
Agency : U . S .  Department o f  t he I n ter ior ,  f: i s h  and Wi l dl i fe Serv i ce  
Source : Fed . Reg i s t .  4 1 : 4333943358 and peri od i c  republ i cati ons ; 50 CFR 1 7  

Th i s  act no t on ly  ca l l s  for preserva ti on of l i sted s pec i es . but i t  cal l s  for preservation  
of the i r  hab i tats and t he i denti f i cation  and enhancement c f  cri t ica l  habi ta ts . Added space 
a round spec i fi c  s i tes c onverting  to coa l may be in areas  where t h i s  l aw can be a 
consi derati o n . 

6 .  Ac t :  W i l d  a nd Scenic Ri vers Ac t o f  1 9� 6  
Agency : U . S .  Department o f  the I n ter ior  
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The purpose of th i s  l aw i s  to preserve certai n  sel ected ri vers of the nation  wh ich , wi th 
the i r  immed i ate en vi ronments ,  possess remarkabl e scen i c ,  recreat ional , geo l og i c ,  fi s h  and 
wi l d l i fe ,  h i stori c ,  cu l tural , or other s imi l ar va l ues . No mi nes wou l d  be a l l owed to be 
opened as a resu l t of the program whi ch may impi nge on th i s  l and .  

7 .  Act :  Na t i ona l  H i s toric  Preservat ion Act  of 1 966  
Agency : Nati ona l Park  Serv i ce ,  Adv i sory Counc i l on H i s tor ic  Preservat ion 
Source :  Fed . Reg i st .  4 2 ( 2 1 ) :  6 1 98-6362 ( 1 977 ) a nd updates 

Thi s l aw prov ides for protection , rehab i l i tation , res toration , and reconstruct ion of s i tes , 
structures , and d i stri cts ; the l aw al so encourages preservati on . Convers i ons  at spec i f i c  
s i tes wou l d  have t o  con s i der both any l and use c harges and a i r  pol l ut i o n  impacts . 

8 .  Act : Executi ve Order 1 1 593 , " Protection  and Enhancement of the Cul tura l  Envi ronment"  
( May 1 3 ,  1 97 1 ) 
Source : 36 CFR 800 

Th i s  Execut ive Order prov i des for furtherance of the purpose of the Nati onal Envi ronmental 
Pol i cy Act ( NEPA ) , Nati onal H i stori c Preserva t i on Act , The H i stori£ S i tes Act , and The 
Ant i q u i t i es Act . I t  asserts tha t ,  "The Federal Government s ha l l prov i de l eaders h i p  i n  
preserv i n g , restori ng , and mai n ta i n i ng t h e  h i stor ic  and cu l tural resources . . .  t o  assure 
that Federa l  pl ans and programs contr i bute to the enhancement of non-federal l y owned 
s i tes . . .  of h i storical , cu l tural , or archaeo l o g i ca l  s i gn i f i cance . "  The conversions  at 
spec i fi c  s i tes wou l d have to cons i der i ncremental pol l ut i on damage that may occur .  

9 .  Act : Cl ean A i r  Act 1 970 Amendments ( 1 977 Amendments ) 
Agency : Envi ronmental Protection  Agency 

The purpose of th i s  l aw i s  to ma i nta i n  and en hance a i r  qua l i ty of the Un i ted States . Th i s 
l aw control s dec i s i ons  wi th re spect to spec i f i c  convers i ons  and requ i res the concurrence of 
the Envi ronmental Protection  Agency . The U . S .  EPA has del egated to t he states the respon
s i b i l i ty for en forcement  pl ans and programs . 

1 0 .  Act: U . S .  Ra i l road Reorgan i zation  Ac t 

The purpose of  th i s  act i s  to consol i date ,  upgrade , and , i n  the case of l ess-used l i nes and 
t i es , el imi nate these l i nes from the nat i on ' s  ra i l way system . Speci f ic s i tes may be l ocated 
on l i nes that are des ti ned to be abandoned . The impact of i ncrea sed cost of conversion  and 
d i srupti on attendant truck  movement , wou l d  have to be con s i dered .  

1 1 .  Act :  Protect i on of Wetl ands Execut ive Order 
Agency: u . S .  Department of the Inte ri or 
Source : Execu t i ve Order 1 1 990 ( May 24 , 1 97 7 )  

The purpose of  th i s  order i s  t o  ensure wetl ands are prese rved and management of such areas 
i s  coordi nated among  l ocal and Federa l agenc ies . S i tes convert i n g  near wetl ands wou l d  have 
to con s i der water qual i ty affects from coa l p i l es or s i t i n g  effects of s l udge wastes . 

1 2 .  Act :  Coastal :one Management Act o f  1 972 
Agency : U . S .  Department of Comme rce · 

The purpose of t h i s  l aw i s  to manage and/or preserve coasta l zone resources for optimal  
publ i c  u s e .  The  l ocati on of s l udge ponds , coa l  p i l es and  the  transporta t i on of coa l or 
s l udge wou l d  be regu l ated by coasta l  zone p l ans . 

1 3 .  Ac t :  Resource Conserva t ion  and Recovery Act o f  1 976 
Agency : Envi ronmental Protect i on Agency 

Th i s  act provi des for Federa l regu l at i o n  of d i sposal of sol i d  wa stes that represent a danger 
to the publ i c .  Coa l wa stes may be cl ass i fi ed as hazardou s .  Gu i del i nes on treatment and 
di sposal are forthcom i ng . Type and s i ze of di sposal area may be s i gn i f icant ly  affected . 

1 4 .  Act :  Execut i ve Order 1 1 988 , Fl oodp l a i n  Managemen t 
Agency : Water Resources Counc i l  

T h i s  Order i s  i n tended to protect l i ves i n  fl oodpl a i ns , and restore and preserve natural  and 
benef ic ia l  fl oodp l a i n  val ues . Act i v i t ies (m i n i n g , transportat ion , combu s t i on , and � i sposal ) 
i n  or affec t i n g  fl oodpl a i n s  may be affected . 



9 .  RELAT I ONSH I P  BETWEEN SHORT-TERM USES O F  THE ENVI RONMENT AND THE MAI NTENANCE 
AND ENHANCEMENT OF LONG-TERM PRODUCTIV ITY 

The convers i on of exi sting  and construction of new u t i l i t ies  and major  fuel -burn i ng i nstal l ations  
( 1 00 mi l l ion Btu ' s  or greater ) from o i l  or gas to coa l and other fuel s i nvol ves primari l y  an 
expans ion of current l evel s o f  coal m i n i ng and a corres pondi ng i ncreas e  i n  coal combustion  
impacts . These uses of the envi ronment are ba lanced by i ncreased ut i l ization of the nation ' s  
most  ava i l abl e energy resou rce , coal . The max imum est imated i ncreased coal demand due to the 
FUA is 1 30 mi l l i on tons of  coal annual ly  by 1 990. From the date when the FUA is impl emented to 
the year 1 990 , combust ion of approximately 1 43 mi l l ion barrel s of petrol eum and 1 . 7 tri l l i on 
cubic  feet of natual gas wi l l  have been repl aced by coa l and other fuel s .  

Through  increa s i n g  the use o f  coal , the proposed program wi l l , i n  the s hort term , cause a 
red i rect i on of petrol eum products and natural gas to pri ori ty uses for wh i ch coal presently i s  
not a s u i tabl e fuel . I n  addi tion , the program wi l l  use more energy to remove a i r  pol l utants due 
to the combust ion of d i rtier  fuel s ,  and NOx , SOx ' and parti cul ate emi ss i ons wi l l  i ncrease . The 
program wi l l  a l so i ncrease the quanti t ies  of  sol i d  wastes to be d i s posed of and the amount of 
l and d i s turbed by coal extraction and proces s i ng . 

The l ong-term benefits are conservation of i ncreas i ng ly  scarce domest ic  petrol eum and natural 
gas suppl ies and decreased rel i ance on imported petro l eum products . The envi ronment wi l l  be no 
d i fferent than wi thout the program because the nation is l i kely to rely  more heav i l y  on coal . 
Because technol ogy wi l l  i mprove coal combustion  to a poi nt where i ts emi s s ions wi l l  compare 
reasonably  wel l to cu rrent o i l and natural  gas emi s s ions , a i r  pol l ution in the l ong term wi l l  
not become wors e .  

Because of  the future i ncreased rel iance o n  coa l i rrespective o f  the program , l ong-term produc
t i v i ty over base case wi l l  not be affected .  The  l ong-term product i v i ty of the  envi ronment wi l l  
be impacted by the program only i f  vast  quanti ties  of domestic  o i l  and natural gas are d i scovered 
wh ich  cou l d  j ust ify continued use i n  powerp l ants and MFB I s .  Producti v i ty ,  a s  measured by eco
nomic  act i v i ty and personal conveni ence and which depends on adequate energy suppl ies , wi l l  be 
ma i ntai ned by the FUA . The i ncreased p roduct iv ity in the energy sector wi l l  cause some decl i ne 
i n  product i vi ty i n  terrestri al  and aquatic  ecosystems as a res u l t  of combustion effl uents and 
expanded mi n i ng . Depend ing  upon the l and use before m i n i ng , production from l and formerl y used 
for agricu l ture and g raz i ng woul d  be temporari ly  d imi n i s hed . I n  add i t i on ,  wi l dl i fe habi tat 
coul d be el imi nated or l i m ited . Land d i sturbance from m in ing and waste di sposal i s  expected to 
be returned to a l evel of producti v i ty equal to or greater than pred i s turbance . Compl i ance with 
a i r ,  water , and sol i d  waste regul ations wi l l  ensure envi ronmental l y acceptab le  i ncreased coa l 
use i n  both the short term and l ong  term . 
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1 0 .  ALTERNAT IVE  ENERGY TECHNOLOG I ES AND REGULATORY POL I C I ES 

One of the ma i n  o bj ecti ves ( see Sect ion  2 for others ) of the proposed action  i s  to a l l ow the 
U . S .  to be l es s  dependent o n  natural g as and o i l .  The devel opment and use of techno l og i es based 
on  U . S .  coal or other energy sources ( e . g . , b i omas s ,  mun i c i pa l  wa ste ) are encouraged by national  
energy pol i cy through government-sponsored research and devel opment programs and tax i ncent i ves . 

The major  part of th i s  document deal s wi th the i mpacts a s soci ated with  burni ng of coal i n  conven
t i onal coal -f ired boi l ers ( CCFB ) .  I n  th i s sect i on , the impacts associ a ted w ith  candi date a l ter
nati ve programs and a l terna t ive energy tec hno l og i e s  w i t h i n  the proposed prog ram ( FUA ) are d i s
cussed . Candi date a l terna t i ve programs must be abl e to  reduce U . S .  dependence on  impo rted 
energy sources w ith i n  the 1 990 time frame wi th l i ttl e or no econom i c  or soc i a l  pena l t i es .  
Candi date a l ternat i ve coa l and non-coal techno l og i es wi thi n F UA must b e  abl e to commerc i a l l y  
generate , as  e i ther p rocess s team o r  d i rect hea t ,  at l east  1 08 Btu/hr ( 1 0  MW ) ,  wh i c h  i s  the 
mi n i mum bo i l er s i ze regu l a ted by the F UA w ith i n  the 1 990 t ime frame . 

S i nce the proposed program has been mandated by Congre s s ,  i t  i s  un l i ke ly  that an a l ternat i ve 
program wou l d  be se l ected ; however , each candi date a l ternative prog ram i s  s ummari zed i n  Sect ion  
1 0 . 1 . Case-by-case cons iderations  of  envi ronmenta l  and  techno l og i ca l  parameters for  exi st i ng 
and proposed fac i l i ti e s ,  on the o ther hand,  may i ndi cate that a particu l ar candi date a l ternative 
energy technol ogy wi t h i n  FUA may be  more s u i tabl e than  another or that no action  i s  preferred . 
I nforma t i on on impacts assoc i ated wi th each a l ternat ive wi l l  be summari zed i n  Sect i o n  1 0 . 2 .  
F ina l l y ,  there are several a l ternat ive i n terpretations  o r  po l i cy options  perta i n i ng to the 
enforcement of  FUA .  These are presented in Section  1 0 . 3 . Deta i l ed i nformat ion on envi ronmental 
impacts wi l l  not be presented in the report s i nce th i s  was done in the envi ronmental impact 
statements for the ESECA prog ram ( Federal Energy Admi n i stration  1 97 7 )  and the Market Ori ented 
Program P l ann i n g  Study ( Energy Research and Deve l o pment Adm i n i stration  1 977c ) .  Most of the 
concl u s i ons  regard i ng the rel a t i ve impacts of  the var ious  a l ternative techno l og i es in the fo l l ow
i n g  s ections  are from these two documents . 

1 0 . 1  ALTERNAT I VES TO THE P ROPOSED ACT ION 

The ava i l abl e a l ternat i ves wh i c h  cou l d meet the objecti ves of the proposed act i o n  must decrea se 
the domestic  consumption  of o i l  and natural gas in general and imported fuel s ,  espec i a l l y .  The 
a l ternati ves which  may parti a l l y  sati sfy these objectives  are the O i l  and Gas User Tax ,  Crude 
O i l  Equal i zation  Tax ,  energy conservation  programs , and petro l eum from the Outer Conti nental Shel f 
( OCS ) .  Because each of these a l ternati ves has i ts own envi ronmental and economi c conse-
quences , and because each d i ffers in  some i mportant way from the FUA , none appears to be 
a perfect substi tute . Each of  these a l ternati ves and th2 no-act ion  a l ternati ve are d i sc ussed 
be l ow .  

1 0 . 1 . 1  No -action Al ternat i ve 

The " no-action"  ( no regu l atory program ) al ternati ve- -conti nued and i ncreased importati on  of o i l  
and natural gas - - i s  feas i b l e .  Many u sers of  gas and o i l  wou l d  conti nue to use  these fue l s des p i te 
h i gher pri ces , i f  they cons i dered the use of gas and o i l  as the best way to meet corporate opera
t ing  needs . The no-acti on a l ternative wou l d  mean fewer convers i ons , l es s  gas avai l ab i l i ty to 
priori ty gas users , and more imported o i l  i n  both the s hort and l ong terms . I n  add i t i o n , i t  wou l d  
mean that fore i gn  i mports wou l d conti nue t o  the extent that price i s  a l es s  important con s i dera
t i on than u s i ng o i l  to meet env i ronmental regu l ati ons . Even i n  cases where envi ronmental cons id
erati ons are not a factor , there wi l l  be  i ndustries  for whi ch the  no-act ion  a l ternat i ve means  
conti nued rel i ance on imported o i l , because such a dec i s i o n  does not  s i gn i fi cantl y affect the  
cost  of  production . I n  these i ndustries , conti nued use  of o i l  wou l d  be l es s  d i ff i cu l t  than 
convers ion  to coa l . 

T h i s  a l ternat ive wou l d  be affected by other proposed mea sures i n  the Nationa l  Energy P l a n .  I f  
natura l  g a s  dereg u l at ion were a s s umed t o  occur by 1 985 , there wou l d  be a trend toward conver s i on 
even wi thout the FUA because of i ncrea sed natural  gas pri ces , as sum i ng static  supp l i es .  T h i s  
"no-acti on "  a l ternat ive wou l d mean that i ncreased coal use  wou l d  take pl ace over a l onger t ime 
interva l and that there wou l d  be fewer convers ions  i n  cases where price a l one  i s  not a pr imary 
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reason for the use of natural gas . The short-term i mpact of " no act ion "  wou l d  be to i ncrease 
the suscept i b i l i ty of MFB I s  and power pl ants to natura l gas  curta i l ments . T h i s  s uscept i b i l i ty 
wou l d  be greatest between the enactment of the FUA and 1 985 .  

T he  no-act ion  a l ternat i ve woul d redu ce adm i n i strat ion  a nd  paperwork . The FUA i s  compl i cated and 
wi l l  requi re a h i gh l evel of admi n i strati ve understand i ng in order to ma ke the cost of com
pl i ance as easy as  pos s i b l e for i ndu stry .  

Shou l d  s i gn i f i cant ly  i ncreased natural gas suppl ies  become avai l ab l e  from both conventi ona l and 
unconvent i onal  s ources , then i ts use may be an a l ternat i ve to FUA and cons i derat ion  cou l d  be 
made by Congress  to a l ter the Fuel U se Ac t .  

1 0 . 1 . 2  O i l and Gas User Tax 

An a l ternat i ve to the proposed act i on i s  an o i l and gas u ser tax i mposed on l a rge users of o i l  
and ga s .  A s  ori g i na l l y proposed , th i s  tax was des i g ned to app l y  t o  gas and o i l  cons umpt ion  at 
new and e x i s t i ng fac i l i t i es des i gned to burn coal  as  wel l as gas and o i l . For powerpl ants , i t  
was est i mated that the proposed l eg i s l a t i on wou l d  effecti vel y tax o i l  to powerpl ants a t  25 cents 
per b i l l i on Btu ' s  and that the natura l  gas tax wou l d  be variabl e .  Gas taxes wou l d  be al i gned to 
the pri ce of d i st i l l ate o i l  and by 1 985  the tax wou l d  ma ke natural gas 50 cents l ess  than d i st i l 
l ate and by 1 990 the tax on natural gas wou l d  ma ke the two fue l s equ i va l ent i n  pri ce . 

Any taxes d i rected to i ndustria l  and ut i l i ty us ers that ra i se the cost of energy generation  by 
o i l and gas s i gn i f i cant l y  above the price of coal wi l l  i nc rease the rate of subs t i tu ti on of coal . 
At some l evel of tax , t h i s  a l ternat i ve w i l l  have the same effect as the FUA w i th except i ons 
noted bel ow :  

1 .  A tax w i l l  have a greater di fferent i a l  i mpact on geograph i c  reg i ons than the more even 
impact now ant i c i pated to resu l t  from the FUA . Some users w i l l s h i ft to coal at l ow l evel s of 
taxati on and ot hers wou l d  requ i re h i gher taxes . The south and south-cen tra l  reg i ons wou l d pro
babl y requ i re h i gher tax  l evel s than  the  rest of the country in  order to  s h i ft an equ i va l ent 
amount of energy product ion to coal  because of the present l ow cost and ava i l ab i l i ty of natural  
gas . 

2 .  At the l evel of tax or i g i na l l y  ass umed i n  the Nati onal Energy P l an , the impact on " vo l 
untary" subst i tution  o f  coal  i s  not expected to be as great re l at i ve to the FUA , i f  the tax were 
subst i tuted for the program . Abou t 1 . 1 mi l l i on barre l s  of o i l  per day were es t imated to be saved 
i n  1 985 and 1 990 due to the tax . There are several l i mi tations on the effect i venes s of these 
taxes . 

Many non-fuel cost cons iderations  enter i n to the fue l -use  dec i s i on i nc l ud ing  env i ron
mental and regu l atory costs . These other ki nds of costs  cou l d  cause  any o i l  and gas  users to 
del ay convers ion , i f  the i ncent i ve to convert is mere ly  a tax rather than the FUA . 

Under the proposed tax , many faci l i t i e s  wou l d  be converted based on the useful  l i ves 
of ex i s t i ng boi l ers .  Under the FUA , because of forced convers i on there are some i ncenti ves to 
ret i re bo i l ers earl y rather than convert and operate boi l ers to the end of the i r  useful  l i ves . 

3 .  A f ina l  cons i derat ion  i s  that the cost of pas s i ng the tax on to the consumer may be 
judged by the i nstal l at i on management to be an acceptabl e a l ternat i ve to convers i o n .  Subs t i tution  
of coal requ i res the u se  of manageri a l  tal ent and  energy wh i ch may be di rected to other areas of 
concern rather than energy u se  and consumpti on . T h i s  poss i b i l i ty al ways ex i s ts where taxes are 
cons i dered rather than a regu l atory requ i rement such  as the FUA . 

I n  s ummary , the o i l  and gas user tax i s  compl ementary to the FUA rather than a compl ete subst i 
tute to i t ,  part icu l arly as the tax l evel  i mposed i s  restri cted to l arge i n s ta l l at i ons and use  
of fue l  i n  new bo i l ers . A user  tax  wou l d  prov ide , however , an added i ncent i ve to convert , but  
i s  not l i ke ly  to  force an equ i va l ent number of convers i ons  as the  FUA wou l d at the  tax  l evel 
orig i n a l l y  proposed to Congres s .  

1 0 . 1 . 3 Crude O i l  Equal i zation  Tax 

The crude o i l  tax wou l d a l l ow newl y d i scovered domest i c  o i l  to ri se to the worl d o i l  pri ce . Th is  
equal i zat ion  tax  has severa l  important d i fferent ia l  i mpacts than  the  FUA . F i rs t ,  the  economic  
impact of al l ow i n g  domes ti cal l y  produced crude o i l  to  ri se to  wo rl d pri ces i s  far  greater than 
the econom i c  impac t of the FUA . Second , the fac i l i t i es us i ng natura l  gas wou l d  not be d i rect l y  
affected by such  a tax . 

More than ha l f of exi s t i ng MFB I s  are fi red by gas rather than o i l . In a regu l ated gas market , 
the crude o i l  equ � i za t i on tax wou l d  i ncrease the demand for natural gas . I n  an unregu l ated 
natura l  gas market , the price  of th i s  scarce commc d i ty ( natura l  gas )  wou l d  r i se to refl ect i ts 
h i gher va l ue . Consequent l y ,  the crude o i l  tax wou l d  not d i rectly impact convers i ons of natura l  
gas i nstal l at i ons , but i n  a n  unregul ated gas market , i t  wou l d  have a n  i n d i rect pos i t ive  impact 
on convers i ons to coal . 
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Compared to  t he  FUA , t he  crude o i l  equa l i zat ion  tax  wou l d  have a much d i fferent econom i c  impact 
on soc i ety .  Un l i ke the FUA , wh i c h  i s  d i rect ly  ori ented to i ndustr i a l  and ut i l i ty users , the 
crude o i l  tax wou l d  affect a l l u sers . The FUA wi l l  not affect the trans portat i on secto r ,  but the 
crude o i l  tax w i l l  have a s i g n i ficant  impact on gasol i ne and other transportati on fuel pri ces . 

The comp l ementary a spect of the FUA and the crude o i l  tax i s  that the acceptab l e cost of con
vert i ng to coal  in  the FUA i s  l i n ked to the price of o i l . W i t h  a crude o i l  tax ,  i t  wi l l  be much 
ea s i er to prove that coal convers i o n  ordered by the FUA is j us t i f i ed on economic  grounds , 
i . e . , i n  reg u l a tory f i nd i ngs to determine  i f  an economic  exempt i on i s  val i d .  

The pri mary d i ffi c ul ty i n  rel y i n g  o n  these proposal s rather than th e FUA i s  that they have a 
much broader economi c i mpact on soci ety . As a resu l t ,  the two measures ( gas deregu l a t i on and 
o i l  tax)  wou l d  be far bl unter i n struments to ach ieve the l evel of convers i on est imated by the 
FUA . 

1 0 . 1 . 4 Energy Conservation  Programs 

In the pas t ,  there were no concerted efforts to conserve energy because there was l i ttl e concern 
over envi ronmental  qual i ty and uncerta i n ty of immed i a te and l ong-term energy suppl i es .  More 
recentl y ,  however ,  a i r  and water qual i ty deteri orat ion  and shortages of energy resources , such 
as l i q u id  and natura l  gas ,  have resu l ted in  governmental  acti on ( i . e . , the Energy Pol i cy and 
Conservati on Act of 1 97 5 )  a i med at  devel o p i ng energy conservat i on programs . Wh i l e  these prog rams 
are a l ternat i ves to the proposed program, i n  that they reduce the demand for energy , they are 
not d i rect substi tutes for the FUA because they cannot sati sfy the expected energy needs i n  1 985 
and 1 990 .  Accordi ng to est ima tes in the env i ronmenta l impact s ta tement fo r the ESECA ( Federal 
Energy Adm i n i s trat i on 1 977 ) , 46 add i t iona l  quads of energy wi l l  be needed by 1 985 and energy 
conserva t i on programs wi l l  el i m i na te on ly  about 33  quad s .  ' Approxi ma te ly  1 3  quads of energy wi l l  
st i l l  have to come from ene rgy sources such a s  coa l . 

From an envi ronmental  po i nt of v i ew ,  energy conservati on programs woul d be a h i gh ly  attract i ve 
a l ternati ve . Reduci ng  the need for energy product ion  and consumpt i on  wou l d reduce env i ronmental 
res i dua l s and l and and water requ i rements . A l ower energy demand al so  prov ides  the opportu n i ty 
to generate needed energy from " c l eaner" energy techno l og ies and phase out " d i rt i er" energy 
techno l og i es .  

Wh i l e  energy conservat ion  programs cannot prevent an i ncrease i n  en ergy product ion and consumpti o n ,  
they can b e  ut i l i zed i n  conj unc t i on wi th the proposed program to reduce the potent i a l  for envi ron
menta l  i n su l ts wi thout the extens i ve devel opment of m i t i gati ve techno l o g i e s .  I n  concert w i th 
these energy conservation  programs , there wou l d  a l so be greater options  wi th the FUA as to cho ice 
of energy technol ogy to be empl oyed . 

1 0 . 1 . 5  Petrol eum from the Outer Conti nental Shel f ( OCS )  

Offs hore natura l  gas and  o i l  reserves rema i n  l arge ly  untapped and  g i ven ( 1 )  current h i g h  natural 
gas and o i l  pri ces , ( 2 )  an acce l erated offshore l ease program , and ( 3 )  technol og ica l  brea kthroughs 
in offshore dri l l i ng ,  they cou l d  repl ace the natural gas and o i l  used by fac i l i ti es consi dered 
under the FUA by 1 98 5 .  The USGS has est imated that there i s  a 95 percent chance of at  l east  
20 b i l l i on ba rrel s of  o i l  reserves . O i l  product i o n  cou l d  reach 42 mi l l i on barrel s per day by 
1 985 . The FEA has est ima ted that there i s  a 95 percent chance of at  l east  1 53 b i l l i on cub ic  feet 
of offshore natura l  gas reserves . By 1 995 offs hore natura l  gas product ion  cou l d  reach 6 . 1  bi l l ion  
cub i c  feet per  yea r .  Tota l energy producti on from these  offs hore reserves wou l d be  comparabl e 
to that from coal  reserves est imated i n  the ESECA document .  

. 

Envi ronmenta l l y ,  u t i l i za t i on of  offs hore natural gas and o i l reserves i s  l ess  acceptabl e from an 
aquat ic  ecosystem v i ewpo i n t  and more acceptabl e from a terrestr i a l  ecosystem v i ewpo i n t .  Aqua t i c  
ecosystem ( i nc l ud i ng coastal hab i tat )  i mpacts wou l d  b e  h i g her than for t h e  proposed program 
because of the o ffshore dri l l i ng and l ay i ng of p i pel i ne to onshore fac i l i t i e s .  O i l  sp i l l s  and 
d i scharged brine wou l d  l ead to i ncreased concentrations  of toxi c  chem i ca l s .  Turb i d i ty due to 
dr i l l i ng and l ay i ng of p i pe l i ne cou l d  decrease pri ma ry producti v i ty ,  cause mechan i cal  damage to 
respi ratory structures and affect feed i ng behav ior in aqua t ic  b i ota . Benth i c  ha b i tat wi l l  be 
a l tered or destroyed at the dr i l l i ng s i te and al ong the p i pel i ne corri dor . However , once the 
wel l is ful l y  operat i onal , the major impacts wou l d resu l t  from o i l  sp i l l s  and transporta t i on of 
o i l  or natural ga s .  

Terrestri al . ecosystem impacts assoc i a ted with  OCS product ion ,  transportati on ,  and 
wou l d be l is s  than for those assoc i a ted with greater ut i l i zt ion  of coa l reserves . 
are l ower ( by a factor of 20 for SO , 1 for NO and 8 for parti cul a tes ) for OCS . 
ments ( and concomi tant habi tat l oss� are al so fess  for OCS s i nce exi s t i ng onshore 
be used for proces s i n g .  

uti l i za t i on 
A i r  pol l utants 

Land req u i re
faci l i ti es can 
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1 0 . 2  ALTERNAT I VES W I TH I N  THE PROPOSE D PROGRAM 

1 0 . 2 . 1  Al ternat i ve Coa l Tec hno l ogies 

The Nat iona l  Energy Pl an ( NE P )  req u i res a greater ut i l i zat ion  of  domestic  coal resources and 
s u i tabl e a l terna ti ve fuel s .  Beca use o f  the tendency to use coa l , a l ternat i ve coal technol og ies  
wi l l  recei ve greater cons i deration  i n  t he  research and  deve l o pment programs of  t he  Department of  
Energy .  Wh i l e  more fu nds are to be spent i n  th i s  area , t he  1 990 t i me frame for t he  FUA l im i ts 
the numbet' of a l ternati ve coal techno l ogi es ava i l a bl e for i ndustri a l  use between now and 1 990 .  
Wh i l e  coa l l i q uefaction , h i gh-Btu gasi fi cat ion , and pressuri zed fl u i d i zed-bed combu st ion ( PFBC ) 
may be attrac t i v e  a l ternat i ves i n  the near future,  they do not appear to be commerc i a l l y  v i ab l e 
to prov ide a s i g n i f icant energy contr i b ut ion by 1 990 ( U . S .  Energy Research and Devel opment 
Adm i n i strat ion 1 97 6 ,  1 97 7 ;  U . S .  Depa rtment of Energy , 1 978 ) .  The a l ternati ve coa l tec hno l og i e s  
most l i ke ly  t o  b e  ava i l ab l e  for s i gn i ficant i ndustrial  appl i cation  befol·e 1 990 are co�l gas i fi cation 
( l ow- and med i um-Btu ) ( U . S .  Department of Energy 1 97 7 )  and atmospheric fl � i d i zed- bed combustion  
( AFBC ) ( U . S .  Department of Energy 1 978 ) . 

1 0 . 2 . 1 . 1  Low- and Med i um-Btu Ga s i fica t i on 

Low- and med i um-Btu ga s i f icat ion  techno l og i es have been i n  commerc i a l  use  for several  yea rs 
( Co n s i d i n e  1 97 7 ) . The two proces ses mo st common l y  u sed ,  and thus  l i ke l y  to be used wi t h i n  the 
1 990 t ime frame , are Lurgi  and Koppers-Totzek  ( U . S .  Depa rtment of  Energy 1 978 ;  see Un i vers i ty o f  
Ok l ahoma 1 97 5  fo r process  descri ptions ) .  I t  has been estima ted b y  the U . S .  Depa rtment  of  Energy 
( 1 978 ) that max i mum i ndustrial  u se o f  l ow- and med i um-Btu gas wi l l  be 1 54 , 000 barrel s per day 
( 0 . 3 1  quads/yea r )  by 1 990 . Low-Btu gas i fi cat ion pl ants are s u i tab l e to meet the mi n i mal  MW 
requ i rement  of fac i l i t i es ;  however, they must be l ocated w i t h i n  a few mi l es of the i ndustri a l  user 
because of i neffi c i en c i es in p i p i ng l ow-Btu gas  ( U . S .  Department of  Energy 1 97 7a ) .  Med i um-Btu 
gas i ficat ion  fac i l i t i e s  can supp ly  suffi c i en t  fuel to fu l fi l l  the needs of  several fac i l i t i e s ;  
however,  ·the i ndustr ia l  us ers must b e  wi t h i n  5 0  mi l es o f  t h e  gas i fi cat ion  p l ant  s i nce med i um-Btu 
gas can on ly  be p i ped effi c i en t l y  over s hort d i stances . 

Env i ronmental impacts associ ated w ith  the extrac tion , proces s i ng and transportat ion  of coal for 
the ga s i ficat ion  p l ant  wou l d  be  i dent i ca l  to those a s soci ated wi th CCFB s .  I t  i s  expec ted that 
impa cts of construct i o n  of  CCFBs and gas i fication  faci l i t i es wou l d  be of  a s i m i l ar magn i tude .  
S i nce the  end product i s  a gaseous fuel , end-use  i mpacts wou l d  be l ower for gas i f ication  techno l 
ogi es  than for d i rect combu s t i on o f  coal . A i rborne res i dua l s from both gas i f ica t i on proces ses 
wi l l be ab l e to meet the New Source Performance Standards ( NSPS ) of  1 . 2  pounds per m i l l ion  Btu ' s  
( l b/ 1 06 Btu ' s ) for a i rborne SOx ' 0 . 7  l b/ 1 06 Btu ' s  for a i rborne NOx , and 0 . 1 l b/ 1 06 Btu ' s  for 
ai rborne part icu l ates .  As  s hown i n  Tab l e  1 0 . 1 , t he  a i rborne res idua l s from l ow- and  med i um- Btu 
gas product i o n  wi l l  be wel l be l ow the acceptabl e l evel s of 600 tons per 1 0 1 2 Btu ' s  for SO , 
350 ton s  per 1 0 1 2 Btu ' s  fo r NO , and 50 tons per 1 0 1 2 Btu ' s  for part i cu l ates . H i gher a i r�orne 
res idua l s from med i um-Btu gas �eri ved from Central I nteri or coal may l i mi t the appl i cat ion  of 
th i s  techno l o gy in geograph i ca l  areas that are at or near perm i s s i bl e  a i r-qual i ty standard l evel s 
fo r these a i r  po l l utants . 

Land and water req u i rements wou l d  be s i mi l ar for gas production  as wel l  as extrac t ion , proceS S i n g ,  
transportat ion and end-use .  Land requ i rements wi l l  be  somewhat h i gher for l ow-Btu gasi f icat ion 
processes s i nce a separate fac i l i ty mu st be l ocated i n  cl ose prox imi ty of  the i ndustri al  u ser i n  
order to suppl y the fuel for the i ndustrial  boi l ers . Med i um-Btu gas i fi cation  fac i l i t i es wi l l  
req u i re l ess  l and for storage o f  coal and associ ated ash  than di rect coal combustion  processes 
s i nce a s i ng l e fac i l i ty can supp ly  the fuel fo r severa l  i ndustrial  u sers . Al ternatel y ,  however , 
med i um-Btu gas i fi cation  fac i l i t i es may be requ i red i n  the form of ri ght-of-ways for del i veri n g  
gas t o  t h e  end u sers . I f  recycl i ng of water i s  requ i red at ga s i f icat ion  fac i l i ti es ,  water 
requ i remen ts and effl uent di scharges wou l d  be m i n i ma l , reduc i ng the potent ia l  for impac ts to 
aq uat ic  ecosystems . A s ummary of the techno l ogical  capab i l i t i es ,  l and and wa ter requ i rements , 
and envi ronmental res idua l s  can be found i n  Tab l e  1 0 . 1 . 

1 0 . 2 . 1 . 2  Atmo spheric Fl u i d i zed-bed Combust ion  

Atmo spheri c  Fl u i d i z ed- bed Combustion  ( AFBC ) systems are presentl y at  the  p i l ot or demonstrat ion 
p lant  stage and are expected to be commerc ia l l y  ava i l a bl e i n  the near term. The tec hno l og i ca l  
and env i ronmental advantages associated w i t h  th i s  techno l o gy wi l l  ma ke i t  a part icu l arl y attrac
t i ve a l ternative  for l arger convent ional pul veri zed-coa l -f i red boi l ers ( 1 00 x 1 06 Btu / hr ) . By 
1 990 i t  i s  est imated that i ndustria l  appl i cat ion of AFBCs wi l l  prov ide 0 . 99 x 1 0 1 5  Btu ' s  per 
year , or 1 5  percent of i ndustria l  needs ( Farmer et al . 1 977 ) .  

Envi ronmen tal impacts associ ated w ith  the extracti on , proces s i n g ,  and tran sportat ion of coal for 
the AFBC bo i l er are i denti cal to those for coal for CCFBs . End- use impacts are genera l l y  l ower 
than fo r CCFBs w i t h  fl ue-gas scrubbers or l ow- and med i um-Btu ga s ,  parti cu l arl y those assoc i ated 
w ith  a i r  pol l utant s .  AFBC bo i l ers can burn "d i rty" coa l i n  an envi ronmental l y  acceptab l e  fa s h i on 



Tabl e 1 0 . 1 .  Al ternat ive I ndustr ia l  Energy Technol ogy Char,acteri zatiansa 

Low-Btu Ga s i f i ca ti o n ,  
Lurgi ( 6 7 5  MWt )  

Med i um-Btu Gas i f i ca t i o n ,  
Ko ppers -Totzek ( 6 7 5  MW t )  

E n d  p roduct 

1 990 producti on e s t i mates 
( q uads /yea r )  

Overa l l thermal effi c i ency 
( Btu ' s  out/Btu ' s  i n )  

Land req u i rements e 

Faci l i ti e s  ( a c re s )  

Storage ( acres / 1 0 1 2  Btu ) 

Water req u i rements e 

( ga 1 1 ons/ 1 0 1 2 Btu ' s )  

Res i d ual envi ronmental effl uents 
( to n s i l  0 1 2  B t u )  

A i r  

SOx 

NOx 

Parti c u l a te s  

Hydrocarbo n s  

C O  

CO2 

CH4 

NH3 

H2 S 

Land 

Low-Btu gas 

0 . 08-0 . 26
b 

77�b 

235 

0 . 0 1 

4 x 1 06 

3 . 32 

0 

0 

0 

0 

NAg 

NA 

NA 

NA 

Med i um-Btu gas 

0 . 04-0 . 05
b 

73- 81 % 

235 

0 . 0 1 

4 x 1 0 6 

NWCf NAC f 

1 7 . 6  8 . 2  

5 . 2  0 

5 . 4  0 

5 . 5  0 

3 . 7  0 

NA NA 

NA NA 

NA NA 

NA NA 

CC f 

41 . 2 

2 70 . 0  

5 . 0  

290 . 0  

1 9 5 . 0  

NA 

NA 

NA 

NA 

Sol i d  was tes 3500 3500 5400 8400 

Water 
No d i sc harge 0 0 

aA1 1 da ta from U n i vers i ty of Ok l a homa ( 1 97 5 )  u n l ess otherw i se noted . 
b

Data from U . S .  Depa rtment of Ene rgy ( 1 97 7a ) .  
cData from Farmer e t  a 1 . ( 1 9 77 ) .  
dData from Federal Energy Adm i n i s tra t i on ( 1 97 7 ) . 
eData from Energy Resea rch and Devel opment Admi n i s trati on . 

0 

fNWC = Northwestern coa l ; NAC = Northern Appa l a c h i a n  coal ; OC Central coal . 
gNA = not ava i l ab l e .  

0 

Atmo s pheri c Fl u i d i zed- bed 
Comb u s t i o n  ( 35 MW t )  

Steam , heat 

0 . 9 9c 

70%e 

3 . 8 7 

0 . 40 

NA 

1 7 5 . 7  

96 . 4  

24 . 3  

NA 

NA 

NA 

NA 

NA 

NA 

7350 

0 

Geothermal 
Hydrothe rma l ( 1 2 . 5  MWt )  

S team, heat 

0 . 1 0d 

1 00%e 

44-72 

0 . 0 7 

1 8 . 4  x 1 0 6 

0 

0 

0 

0 

NA 

5 1 5 . 5  

38 . 3  

46 . 7  

1 2 . 6  

1 226 

0 

0 I (J1 
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(meets NSPS requ i rements ) u s i n g  only e l ec trostat ic  prec i p i ta tors to remove the h i g her part i c u l ates 
c reated by the turbu l ence of  t he coal bed ( see Energy Researc h and Deve l o pment Adm i n i strati on 
[1 977bJ  fo r process descri pt i on ) .  

Land ( and concomi tant habi tat l os s )  and water requi rements are s imi l ar for AFBCs , CCFB s ,  and 
gas i fi cat ion  techno l ogi e s .  AFBCs wi l l  requi re some add i t i onal l and fo r stori ng spent sorbent 
from the bo i l ers . I f  t he technol ogy to recyc l e  spent sorbent i s  deve l oped , l and requi rements 
for CCFBs and AFBCs wou l d  be very s i m i l ar .  Zero d i s c harge and recyc l i ng of water from AFBCs 
wou l d  mi n i m i ze impacts  to aquat i c  ecosystems . 

The techno l og i cal , l and and water req u i rements , and envi ronmental re s i dual s of the AFBC Program 
are summar i zed i n  Ta b l e  1 0 . 1 . 

1 0 . 2 . 2  Al ternat i ve Non -Coa l Tec hnol ogi es 

The a l terna t i ve non-coa l tec hno l og ies l i ke l y  to be fea s i bl e  for i ndustri a l  use by 1 990 are 
geotherma l ( hydrot hermal reservo i rs ) ,  nuc l ear ,  b i omass convers i on ,  and mun i c i pa l  wastes uti l i za
t i o n .  Ocean Thermal Energy Convers ion ( OTEC )  and  sol ar  are e i ther economi cal l y  and/or tec hno l og
i ca l l y  prec l uded for i ndustri a l  use  in the 1 990 t ime frame ( Energy Researc h and Devel opment 
Admi n i strat ion  1 97 6 ,  1 97 7 ;  U .  S. Depa rtment of Energy 1 97 6 ) . 

1 0 . 2 . 2 . 1 O i l  Shal e 

E st imates o f  to ta l  o i l  s ha l e  resources vary from 2 to 27 b i l l i on barrel s of o i l ; however,  on ly  a 
smal l frac t i on o f  t h i s may be recovered economi cal l y .  Projected max imum produc t ion  estimates 
Jre 300 ,000 barrel s per day i n  1 990 . Th i s  wou l d  not be suff i c i ent energy to repl ace the o i l 
used by fac i l i ti e s  cons i dered under the FUA . 

Env i ronmental  i mpac ts assoc i a ted w i th extracti o n ,  proces s i ng ,  and transporta t i on of the o i l from 
s ha l e  wou l d  be of the same magn i tude as those associated wi th coal  extract i on , proces s i ng and 
transportat ion . Land requ i rements ( and concom i tant l os s  of hab i ta t )  woul d be h i gh due to m i n 
i ng ,  proces s i ng and waste storage . Water requ i rements wou l d  b e  h i g h  duri ng proces s i ng and 
d i s c harged process waters wou l d  conta i n  toxi c  l evel s of c hemi cal s and trace meta l s .  End use a i r  
qua l i ty i mpacts woul d be l ower for o i l  from sha l e  than from coal , but there wi l l  b e  a i r  qual i ty 
i mpacts a s soc i ated w i th proces s i ng operati ons . Aqua t i c  and terrestria l  ecosys tem i mpacts wo u l d  
b e  compara b l e  to those from coal  use . 

1 0 . 2 . 2 . 2  Geotherma l 

Thi s tec hnol ogy i s  a l ready i n  commerc ial  use  i n  Cal i forn i a  ( e . g . , Geysers and Imper ia l  val l ey )  
and i s  expected to assume a more i mportant ro l e  i n  suppl ying  reg i ona l energy needs . Nati onwide 
appl i cat ion of  th i s technol ogy wi l l  be l i mi ted because of geograph i cal and p i p i n g  constra i nt s .  
The great majori ty of geothermal reserves are l ocated i n  t he western state s ,  part i c u l arl y  
Ca l i forn i a  and Nevada ,  wi th l im i ted reserves pre sent i n  the Appa l ac h i an Mounta i n s ,  Arkansas , 
Lou i s i ana , and Texa s .  Th i s  wi l l  l im i t  u t i l i zat ion of these reserves to a reg i onal  bas i s .  Al so , 
i ndustries  wou l d  have to be l ocated w i t h i n  the geotherma l f ie l d because of the i neff i c i ency of 
transport i ng steam over d i stances l onger than one mi l e .  Wh i l e  there are three types o f  geothermal 
reservo i rs ( hydrothermal , geopres suri zed and dry hot roc k ) , hydrotherma l wi l l  rec e i ve the most 
emphas i s  because of t he demonstrated tec hno l og i ca l  fea s i b i l i ty for u s i ng these reserve s .  As a 
resu l t of al l these  fac to rs , on ly  a smal l fraction  of the potent ia l  3400 quads of energy ava i l 
abl e  from geothermal resources are expected to be avai l a b l e  w i t h i n  t he next 2 5  years . Current 
product ion rates vary from 40 , 000 pounds o f  steam per hour  ( s hal l ow wel l s-Geyser )  to 440 , 000 
pou nds of steam per hour  ( Imper i a l  Val l ey ) . 

Envi ronmental impacts assoc i ated with  expl orat i on , extraction , and transmi s s i on di ffer from 
those  fo r coal tec hno l og ies  i n  severa l  way s .  The domi nant a i r  pol l u tant assoc i ated w i t h  extrac
tion  and transmi s s i on is hydrogen su l f i de ,  wh i c h  may reac h l evel s of 500 ppm .  T he  detect i on 
l evel for hydrogen s u l f i de by humans  i s  approx i matel y 30 ppm. State standards for hydrogen 
su l f ide vary .  Add i t i o na l l y ,  steam must be vented per iod i ca l l y  at the we l l  and dur ing  transm i s s ion . 
Th i s  creates h i g h  no i se l evel s ( 1 00 dec i bel s at 50  feet and 90 at 250 feet ) wh i c h  d i spl aces 
w i l d l i fe from the i mmed i ate area and can be i rri tati ng to humans in the i mmedi ate area . Muffl ers 
can be i nsta l l ed on the rel i ef  val ves to m i n i m i ze these no i se  impact s .  The ven ted steam can 
al so contri bute to l ocal  foggi ng i n  cool er c l imate area s .  

Duri ng extract i on a t  hot-water-domi nated systems , bri ne i s  separated a l ong w ith  wa ter and i t s  
d i s posal  contri butes t o  wa ter pol l ut i o n .  D i sso l ved so l i ds i n  t he brine can reach  l evel s of  
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250 , 000 ppm and must be treated before di scharge or rejecti on . Land subs i cence may a l so occur 
duri ng extract i on of geotherma l resources and fl u i d  must be ma i nta i ned wi th i n  the strata to 
m i n i mi ze th i s  substance . Rei njecti on of bri ne i s  one means of mi n i mi z i ng th i s .  Extraction  can 
a l so  cause changes i n  pore pres sure , e i ther throug h wi thdrawa l or re i nj ecti on , that may l ead to 
i ns tabi l i ty and earthquakes a l ong fau l ted or frac tured zones . 

Other a i r  pol l utants assoc i a ted w ith  expl orati on , extraction , and transmi s s i on tend to be l ower 
than for coa l  tec hno l o g i e s .  Hab itat  l osses as a res u l t  of s upport faci l i t i es , wel l s ,  tran smi s
s i on p i pel i ne s  and access roads are muc h l ower than for coal techno l og i e s .  Aqua t ic  impacts 
s ho u l d  a l so be l ower for geotherma l s i nce it i s  l i kel y that brines  and water extracted from 
steam wi l l  be re i njected . 

A s ummary of t he geothermal techno l o g i ca l  capabi l i t i e s , l and and water req u i rements and env i ron
mental  res i dual s can be found in  Ta bl e 1 0 . 1 .  I'lore s pec i fi c  i n forma t i on on geotherma l impacts  
can al so be  found in  Armstead ( 1 977 ) .  

1 0 . 2 . 2 . 3  Nuc l ear 

Thi s tec hnol ogy is a l ready i n  commerc i a l  use, primar i l y  to produce e l ectric i ty .  Proce ss  steam 
can be produc ed ;  however ,  the cost wou l d be q u i te h i g h  for sma l l er i ndustri a l  users who may not 
bene fi t from economies  of scal e ;  and there are probl ems rel ated to meet i n g  NRC criter ia  on 
s i t i n g .  Al so , MFB I s  are too sma l l  to effect i ve l y  ut i l i ze nucl ear power.  Un l i ke the other 
a l ternati ves d i scus sed thus  far ,  there are publ ic  apprehen s i o n s  concern i ng  the transport and 
storage of  rad i oacti ve wa stes from nucl ear fac i l i t i e s .  As a resu l t  of these fac tors and some of 
the env i ronmental consi derati ons  s tated in  t he next paragraph , it  is  un l i ke l y  that t h i s  wi l l  be 
a v i abl e al ternat i ve for wides pread i ndustri al  u se i n  the 1 990 ti me frame . 

Envi ronmental i mpacts assoc i ated w i t h  extract i on , proces s i ng , and transporta t i on of nucl ear fuel 
are s imi l ar to t hose for coal , and so a re probab ly  greater than for geotherma l . End-use impacts 
d i ffer from both geotherma l and coal in several ways .  There are un i que i mpacts assoc i a ted w i th 
the trans port and s torage of radi oacti ve waste s .  Mo st of  the rad i at i on i mpacts of nucl ear fuel 
are assoc i a ted w ith  the extrac tion  and process i ng of urani um ore s .  Wa ter req u i rements ( approxi 
mate l y  50 percent h i gher)  and thermal l oad ing  to aquati c ecosystems are al so h i g her for nucl ear 
fac i l i t i e s . On the other hand , SUx , NOx , and part i cul ate a i rborne effl uents and c hemi cal  
effl uents to surface waters are much l ower at  nuc l ear faci l i t i e s .  

l U . 2 . 2 . 4  B i omass 

The term b i omass refers c h i efl y to terrestrial  and mar ine p l an t  l i fe , i nc l ud i ng short-rotat ion  
tree spec i e s , g i ant  Cal i forn i a  kel p ,  and  var ious  agr i cu l tural , s i l v i cu l tural , a nd  an imal  res idues .  
There are vari ous  proces ses  wh i c h  convert b iomas s  to  energy or secondary fuel s .  These processes 
i ncl ude thermochemical  conversion  ( l i quefact i on and gasi fi cati on ) ,  bi oconvers i on ( anaerobi c 
d i gestion  and fermentati on ) ,  d i rect combust ion , and b i ophoto l y s i s  ( p roduct i on of hydrogen by 
photosynthes i s ) . The present state of devel opment of  b i omas s  techno l og ies  and  ant ic i pa ted 
prod uction i n  commerc i a l l y  u sab l e quanti t i es i nd i cates that t here i s  l i ttl e l i ke l i hood of major 
contri buti on to the i ndustria l  sector of process  steam by the ut i l i zation  of b i omas s  a s  a d i rect 
or i n d i rect fuel by 1 990 ( U . S .  Department  of  Energy 1 977 , E l ectr ic  Power Researc h  Inst i tute 
1 97 8 )  except fo r wood . 

As a resul t of a U . S .  Department  of  Energy Commerc i a l i zation  Tas k  Force effort , the DOE ,  i n  
l ate 1 978 , i dent i fied wood combust ion as one of  e i ght  technol og ies  ready for rap i d  commerc i a l i 
zat i on , and appo i n ted a resource manager to fac i l i ta te the rap i d  commerc i a l i za t i on o f  th i s  
technol ogy. In add i t i on , the FUA may st imul ate uti l i ty in terest in the co-combusti on of coa l 
and wood ( or  pos s i b l y  other b i omass  sources ) a s  a resu l t of  the pl ann i ng and des ign  necessary 
under the requ i rements fo r convers ion from o i l  and natura l  gas . 

The forest  i ndustry and severa l  e l ectric  ut i l i ti es have been generat i ng  steam i n  l arge bo i l ers 
for many years , u ti l i zi ng forestry waste products . Al though there are l a rge quanti t ies*  of 
forestry wastes as res i dues from l ogg i ng opera t i ons  and from the manufac ture of ti mber products , 
the econom ics  of  col l ecti ng and transporti ng such waste as wel l as the re l i a b i l i ty of supp l y  
have l imi ted t h e  u s e  of  res i dues t o  l ocal i zed s i tuati ons . Wood , primari l y  from s i l v i cu l ture 
energy farms ( i  . e .  tree p l antations ) ,  is be i ng seri ous l y  studi ed by some l a rger ut i l i t i es and i s  
consi dered to be the most  feas i b l e  b i omass  feedstock for d i rect combust i o n  i n  s team bo i l ers . 

*Some est ima tes i nd i cate that one th i rd of  the vol ume of wood harvested i n  the Un i ted States i s  
unused . 
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The combus t i on properti es of  wood wastes are compared to three types of coa l in Tab l e  1 0 . 2 .  Due 
to the very l ow su l fur content of wood , s u l fur ox ide emi ss i ons  from wood combustion  are l ow .  
Al though there w i l l  be other a i r  and water pol l ut ion  impacts from the combus t ion , ha rves t i ng , 
s torage , and transportation  of wood i n  tree crop pl antations , these i mpacts shou l d be s i g n i f i 
can t ly  l ess  than those encountered i n  coa l ut i l i zation . Add i t iona l  i nfo rma t i on o n  a compa rison  
of foss i l  a nd wood fuel s can  be  found in  Battel l e-Col umbus Labo ra tori es ( 1 976 ) . 

1 0 . 2 . 2 .5 Mun i c i pa l  Wa stes 

Mun ic ipa l  waste is a compl ex m ixture of  refuse cons i st i n g  of res ident ia l  and commerc ia l  sol id 
wa stes ( tras h ,  etc . ) and sewage s l udge.  As col l ected , it  conta i ns an  average of 30 percen t 
mo i sture , 30 percent metal s ,  gl a ss and other i nert materi al s ,  and 40 percent combu s t i b l e mate
r ia l s ( Gage and Chapman 1 977 ) .  Typ i cal l y ,  mun i c i pal  sol i d  waste ,  after shredd i ng and a i r  
cl a s s i f icat i o n ,  h a s  about 20  percent mo i sture , 1 5  percent a s h  and i nert materi al s ,  and about 60 
percent combu st i bl e materi al s ( Tab l e 1 0 . 2 )  ( Bechtel  Corp . 1 97 5 ) . E st ima tes of current q uant i t ies 
of mun i c i pa l  wastes produced in the U n i ted Sta tes vary ,  a s  do estimates of  t heoret ica l ly recover
a bl e en ergy from these wastes . Tabl e 1 0 . 3  presents such  estimates for 1 974 .  These rough estimates 
i nd i cate that there are l arge concentrat ions  of  wastes ava i l abl e  a s  fuel . I f  al l the combusti bl e 
waste di scarded i n  1 974 were made ava i l abl e a s  fuel , wastes woul d pro v i de about 7 . 38 quadri l l ion 
Btu ( quads ) ,  or a bout  10 percen t of the energy consumption of  the U n i ted Sta tes ( Gage and Chapman 
1 97 7 ) . Mun i c i pa l  wa stes wou l d  prov ide rough ly  1 . 5 percent o f  the energy con sumed . 

Tabl e 1 0 . 2 .  Combu stion  Properties o f  Mun i c i pa l  So l  i d  Wa ste , 
Wood Waste , and Coal 

Degree of Prepara t i on of  Western Midwestern 
Prox ima te 
Ana l ys i s  

( a s  fi red ) 

Mo i sture 0; ) 
Ash ( % )  

Vol ati l e  Matter ( % )  

Fixed Carbon ( % )  

Sul fu r ( X )  
H i g her Hea t i ng 

Val ue ( Btu/l b )  

Pou nds Su l fur per 
14i l l  i on Btu 

From Gage and Chapman 

Mun i c i pa l  Sol i d  Waste 

Nomi nal Max i mum 

25  5 

1 5  5 

48 72 

1 2  1 8  

0 . 2  0 . 3  

5220 7830 

0 . 35 0 . 35 

( 1 977 ) . 

North Subbi tumi nous B i tumi nous 
��ood Dakota Coal Coal 
Wa ste L i gn i te ( Wyom i ng ) ( 1 1 1 i no i s  #6 ) 

35 36 2 9 . 0  1 2 . 9  

2 5 . 5  5 . 2  1 0 . 9  

48 28 . 01 33 . 4  35 . 5  

1 5  30 . 4  32 . 4  40 . 7  

0 . 05 0 . 5  0 . 6  4 . 0  

5750 6870 8250 1 0740 

0 . 09 0 . 73 0 . 7 3  3 . 72 

Of the var ious  processes that convert sol i d  waste to energy ( i n  part i cu l ar ,  those for production 
of steam ) , two processes wi l l  be tec hno l og ica l l y  feas i bl e  and economi cal l y  v i ab l e by 1 990.  They 
are ( 1 ) di rect combu st ion of raw or proce ssed mun i c i pal  sol id waste and ( 2 )  co- f i r i ng of raw or 
processed mun i c i pa l  sol i d  waste w ith  coa l . Di rect combust ion of raw or processed mun i c i pa l  sol id 
waste for energy recovery i s  presentl y empl oyed at 2 50 fac i l  i t ies  i n  Europe and Japan  and 1 2  
fac i l i t i e s  i n  the U . S .  Trad i t i onal l y ,  s team was produced by burn i ng of raw refuse by connect i n g  
waste hea t bo i l ers t o  refractory- l i ned stoker-fi red i nc i nerators . D u e  t o  i ncrea s i ng l y  stri ngent 
air po l l ut ion  standard s ,  thi s technol ogy has been supe rseded by the waterwal l combu stion  furnace . 
Waterwa l l  fu rnaces are general l y  eas ier  and cheaper to ma i n ta i n ,  smal l er and l ess  cost ly  to bu i l d ,  
and more effi c i ent  i n  recovering  energy . The concept o f  ut i l i z i n g  mi xed mun i c i pal  sol i d  waste a s  
a suppl ementary fuel w i t h  coal i n  ut i l i ty and i ndustri a l  bo i l ers has  been adopted i n  a number o f  
c i t i es ( i n  part i cu l a r  U n i on El ectri c Co . i n  St .  Lou i s ,  Mi ssouri ) i n  t h i s  country .  I n  th i s  process , 
mun i c ipal  sol id waste i s  shredded to reduce part i cl e s i z e ,  and i s  then i njected i n to an a i r  
c l ass i f ier where a vertical  col umn of  turbul ent a i r  separates the waste fuel or refuse-deri ved 
fuel ( RD F )  from i norgan ic  and heavy ,  dense organ ic  materia l s .  Recoverab le  materi a l s  a l so are 
often separated during  th i s phase . Shredded waste i s  t hen passed over a screen or tromme 1 to 
remove g l a s s  fi nes and the RDF i s  passed to a secondary s flredder to further reduce partic l e s i ze , 
general l y  to 1 /4 i nc h  to 2 i nches .  The RDF i s  then fi red or s tored . Storage of shredded or  
unshredded wa ste is  requi red to  accommodate da i l y  and seasonal suppl y vari ations . 
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Tabl e 1 0 . 3 .  Compo s i t i on of Typi cal  Mun i c i pa l So l i d Waste 

Btu/l  D 
Refuse  Mo i s ture (mo i sture/ 

Waste ( %  by we i g h t )  ( %  by wei ght ) a s h- free ) 

Food Waste ( 1 2% of total ) 
Garbage 1 0  72 6 , 484 
Fats 2 0 1 6 ,700  

Rubbi sh  ( 64% of  total ) 
Paper 42 1 0 . 2  7 , 57 2  
Leaves 5 50 7 , 096 
Grass  4 65  7 , 693 
Street sweepi ngs  3 20 6 , 000 
Wood 2 . 4  20 8 , 6 1 3 
Bru s h  1 . 5 40 7 , 900 
Greens 1 . 5  62 7 , 077 
D i rt 1 3 . 2 3 , 790 
O i l , pa i nts 0 . 8  0 1 3 , 400 
Pl ast i c s  0 . 7  2 1 4 , 368 
Rubber 0 . 6  1 . 2 1 1 , 330 
Rags 0 . 6  1 0  7 , 652 
Leather 0 . 3  1 0  8 , 850 
Unc l as s i fi ed 0 . 6  4 3 , 000  

Noncombusti bl e Wastes ( 24% of  total ) 
Ashes 1 0  1 0  
Metal s 8 3 
Gl ass  and ceramics  6 2 

From Bechtel Corp . ( 1 97 5 ) . 

The proximate anal ys i s  of  mun i c i pa l  sol i d  waste i n  rel at ion to coal i ndi cates that the su l fu r 
content i n  mun i c i pa l  waste ( about 0 . 35 pounds per mi l l ion  Btu ' s )  i s  l ow compared to the su l fu r 
content of coa l ( Tab le  1 0 . 2 ) .  Mun i c i pal sol i d  waste a l so has a l ow carbon content rel ati ve to 
coal . Howeve r ,  in  general , RDF i s  i nferior to coal  in  terms of  heat i ng val ue , handl  i n g ,  bu l  k 
den s i ty ,  and ( general l y )  cost ( Tabl e 1 0 . 4 ) .  The advantages of  u s i ng RDF are pri mari ly  envi ron
me ntal and/or sol id  wa ste management con s i derat ions .  Mo st ut i l i t i e s ,  however, are not i n  the 
sol i d  waste management bus i nes s u n l ess  t here i s  s uffi c i ent  i ncenti ve for them to do so . 

Tabl e 1 0 . 4 . Quan t i ty and Fuel Va l ue of Dry Combust i bl e So l i d Waste Di scarded i n  1 974 

Combu s t i b l e  Currentl y 
Materi al Amount  Fuel  Val ue Col l ected 
Di scarded Fuel Val ue Avai l abl e Avai l abl e ( �� of  

Was te Source ( 1 06 dry tons ) ( 1 0 1 5  Btu ) ( 1 06 dry ton s )  ( 1 0 1 5  Btu ) avai l a b l e )  

Mun i c i pal  waste 1 01 1 .  64 60 0 . 97 1 00 

I ndustria l  waste 39 0 . 58 23  0 . 34 1 00 

Agri cul tural waste 
Cro ps 322 5 . 1 6  278 4 . 45 2 
Manu res 36 0 . 48 26 0 . 35 1 00 
Forestry 82 1 . 30 80 1 .  27 53 

Total 580 9 . 1 6  467 7 . 38 

From Gage and Chapman ( 1 977 ) .  
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The Bureau of M i nes ( Haynes et a l . 1 97 7 )  conducted a n  anal yt i ca l  s tudy to compare the concentra
t i o n s  of ma jo r ,  mi nor ,  and trace e l ements in the combus t i b l e  fract ion o f  was te col l ected in s i x  
geogra p h i c  area s wi th the el ement concen tra t i on found i n  typ i c a l  coal  sampl es . The conc l u s i on s  
o f  the study were that t h e  concentra t i on of  severa l trace a nd m i nor el ements-- s i l ver,  cadmi u m ,  
copper , me rcu ry ,  l ea d ,  a n d  z i nc - -we're o n e  or  two orders of  mag n i tude h i g her i n  the combu st i b l e  
frac t ion  o f  mu n i c i pa l  wa s te than t ha t  found i n  coal s .  T i tan i um was found to be h i g her  i n  the  
wa ste by a fac tor  of  fou r .  T he ch l or i ne con tent was a l so a n  order o f  magn i tude h i g her  than in  
coa l . 

The l a nd req u i red fo r mun i c i pa l -wa s te-to-energy sys tems i s  p r i ma r i l y  for the p l ant  s i te and 
l andfi l l . The p l ant  s i te a rea wi l l  vary wi t h  a number of  factors ,  i nc l u d i n g  t he s pec i f i c  resource 
reco very process  empl oyed and  geogra p h i cal  l ocat ion rel a t i ve to major popu l a t i on area s .  I n  
general , however , sma l l er p rocess i n g  pl ants  ( i n  the  range of  2 0 0  t o  5 0 0  tons p e r  day ) wi l l  req u i re 
about 2 hecta res ( 5  acres ) ,  and l a rger pl ants  ( i n  the range of 1 000 tons per  day ) wi l l  req u i re 
u p  to 4 hectares ( 1 0  a c res ) o f  l and ( Levy and  R i go 1 97 6 ) . 

I n  a st udy by the Bechtel  Corp . ( 1 975 ) ,  the l andfi l l  req u i rements for the sol i d  wa ste effl uents 
of a co- fi red p l ant  ( 1 0  percen t RDF w i t h  90 percent coal , on a hea t i nput  ba s i s  and 1 000 tons 
per day of  sol i d  was te proces s i n g )  were compa red with a compara b l e ( 82 . 6  x 1 09 Btu /day heat  
i np u t )  1 00 percen t coa l -f i red u t i l i ty bo i l er .  The res u l ts  i nd i cate that the l andfi l l  vol ume 
req u i red for the co-fi red sys tem i s  687 c u b i c ya rds per day as compared to 229 c u b i c yards o f  
a s h  from t h e  coa l - f i red u n i t .  Howeve r ,  i f  t h e  l andfi l l req u i remen ts for d i s po s i t i on of  t h e  1 000 
tons/day of  sol i d  wa ste not fi red in the coa l -f i red un i t  a re con s i dered , an a dd i t i onal  2960 
cub i c  ya rd s per day are req u i red ( a s s um i ng 2 5  l b/cu  ft bul k dens i ty o f  raw waste ) .  The co-f i red 
system then res u l ts i n  an a pprox i mate l y  78  percent reduct ion i n  l andfi l l  vol ume req u i rements . A 
red u c t i on i n  l a ndfi l l d i s posal  may mi n i mi ze poten t i a l  ad verse i mpacts , such  a s  l eachate and 
g roundwater contam i nat ion due  to l andfi l l i n g  of mun i c i pa l  m i xed sol i d  wa ste s .  

I n  add i t i on t o  cons ervi ng natura l  resources through recovery o f  mate r i a l s  a n d  energy , a prima ry 
purpose pf res ource recovery from mun i c i pa l  was tes i s  the reduc t i o n  of advers e env i ronmenta l 
i mpacts a s s oc i a ted w i th other so l i d  was te management opt i ons . Consequen t l y ,  the use  of sol i d  
was te i n  d i rect-combus t i on and  co-fi red sys tem p rov i des a major env i ronmen tal ben ef i t by reduc
i ng the vol ume req u i rements for  san i ta ry l a ndfi l l s .  In  a dd i t i o n , mun i c i pa l  was te is  rou t i ne l y  
col l ected a s  part of  mun i c i pa l  wa s te ma nagemen t and , except for pos s i b l e  a dd i t i ona l trans porta 
t i on to the s i te for resource recovery , t here a re few undes i ra b l e  envi ronmenta l impacts of the 
col l ect i on of  wa s te a s  compared to m i n i ng of coa l . T here a re ,  however ,  undes i rab l e i mpacts 
a s soc i a ted w i t h  the p rocess i ng and combus t i on of so l i d  wa stes . T he maj o r  a i r  po l l ut i on sources 
a re d u s t  from the s i ze reduct ion  and c l a s s i f i cat i on opera t i ons at  the process i ng p l a n t ,  gaseous 
emi s s i ons a t  the bo i l er s i te ,  and  tra n s porta t i on of the prepared wa ste . Other en v i ronmental  
i mpacts wh i c h  may be greater for d i rect combu s t ion and co- f i red p l ants  a s  compared to coa l - f i red 
p l a n ts i nc l ude no i se l evel s and adverse occupa t i ona l hea l th and  safety effec ts . N o i s e  l evel s 
due  to resou rce recovery opera t i ons and mun i c i pa l  wa s te del i very veh i c l es may be a n  adverse 
env i ronmenta l facto r ,  part i cu l a rl y  i f  s uc h  opera t i ons a re near res i dent i a l  areas or other sens i 
t i ve a rea s .  Mun i c i pa l  so l i d  wa s te conta i ns human excrement and other potent i a l l y  hazardous 
materi a l s , i nc l u d i n g  exp l o s i ve materi a l s .  Add i t i ona l  p rov i s i ons to p rotect emp l oyees w i l l  be 
req u i red . 

The E RA recogn i zes that a concerted effort among vari ous federa l agen c i es and  i ndus try i s  
req u i red to p rov i de a g reater cata l yst for i ncrea s i ng the tec hnol og i c a l  fea s i b i l i ty a nd commer
c i a l  v i a b i l i ty of sys tems u t i l i z i ng mun i c i pa l  refuse as a source of d i rect or i nd i rect energy . 
The FUA p rov i des a n  o p portun i ty for the eva l u a t i on of the fea s i b i l i ty of us i ng mun i c i pa l  was te 
as an a l ternat i ve to gas  and o i l . 

1 0 . 2 . 2 .6 Petro l eum Coke  

Petro l eum coke i s  made  from petrol eum res i dues  dur i ng the petro l eum refi n i ng process . Cok i ng i s  
a form o f  thermal c rac k i ng o f  res i dua l bottoms from the d i s t i l at i on o f  crude o i l . These 
res i du a l s o rd i nari l y  res i s t  c rac k i ng by o ther means . The va l ue of the coke produced and  i ts 
s ubsequent use  depends u pon the crude o i l  source . Low s u l fu r  and l ow a s h  c rude o i l  res u l ts i n  a 
f i n i s hed coke w i th s i m i l ar propert i es . 

The two pr i mary methods of produc i ng petro l eum coke are de l ayed cok i ng and fl u i d  cok i ng .  
De l ayed c o k i n g  i s  a sem i -cont i nuou s , l o ng - re s i dence- t i me p rocess  often emp l oyed for l ow- s u l fur 
c rude o i l  s ources . The product is  a coke w i th s uffi c i en t l y  l ow s u l fu r  and  meta l conten ts to be 
s u i tab l e fo r the manufacture of carbon e l ectrodes and aeros pace componen ts . In  f l u irl co k i ng ,  
thermal  c rack i ng o f  the res i dues occurs by a cont i nuous-feed , fl u i d i zed-so l i d s tec h n i q u e .  The 
product is often not p u re enough for use  in the manufac ture of e l ectrodes . The majorfty of 
fl u i d  coke p roduced is bu rned as p u l ver i z ed fue l or br iquettes in bo i l ers a t  the p�duc i ng 
refi nery ( Noe l  1 9 7 5 ) . 
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The quan t i ty of coke produced i s  a funct i on of  the i ntended u se of the crude o i l .  A h igh dema�d 
for di st i l l a te fuel such  a s  gasol i ne favors greater product i on of coke whereas h i g h  demand for 
res i dual  fuel o i l  ( i . e . ,  by heavy i ndustry ) resu l ts i n  l es s  production of coke .  S i nce ,  unJer 
t he FUA , ut i l i t i e s  and MFB l s  a re d i rected to con vert from burn i ng  o i l and gas to coal , the 
effect  wi l l  be to l e ssen the demand for res i dual fuel and potent i a l l y  ma ke coki ng more attrac-
t i ve . 

Coke wi th  i ntermed iate su l fur content makes a reasonably good ,  l ow a s h  fuel for generat ing  
e l ectri c i ty .  The majori ty o f  fl u i d  coke produced i s  burned a s  a boi l er fuel by the produc i ng 
ref i ner .  T he petrol eum coke consumption by the i ndu stri al  sector for fuel uses  i n  1 97 5  wa s 
368 tri l l i on Btu ( U . S .  Department of  the I nterior 1 976 ) .  Ut i l i t i es , pr i nc i pal l y  i n  the m i d 
western U . S . , wi l l  substi tute petrol eum coke up t o  approximate ly  1 0% for coa l  t o  enha nce the 
Btu va l ue of l ow-sul fur coal from the wes tern states . The Btu val ue of petrol eum coke i s  
1 4 , 000 Btu/ l b  a s  compared to 9 500- 1 0 , 000 Btu/ l b for western coal . Use of coke a l so fac i l i tates 
the removal of coal s l ag ( Fou l kes & Harper 1 978 ) .  

S ince petrol eum coke conta i n s  the i mpuri t i es from the ori g i na l  crude o i l ,  the surfur content 
is often hi gh , and apprec i a b l e  vanad i um sal ts  may be present . Ranges of compos i t i on and 
pro perti e s  ( Perry and Ch i l ton  1 97 3 )  are as fol l ows : 

Composi t i o n  a n d  Propert i e s  

Vol at i l e  matter ,  w t  % 

Ash , wt % 

Sul fur , wt % 

Gri ndabi l i ty i ndex 

True den s i ty ,  g/ml 

De 1 ayed Co ke 

8- 1 8  

0 . 05- 1 . 6  

40-60 

1 . 28- 1 . 4 2  

F l  u i d  Coke 

3 . 7-7 . 0  

0 . 1 - 2 . 8  

1 .  5 - 1 0 . 0  

20-30 

1 . 5- 1 . 6  

Petro l e um coke has exh i b i ted i ncreased concentrati ons  of impuri t ies , such  a s  su l fur and meta l 
l i c s , over the pas t severa l years . T h i s  i s  due to i ncreas i ng forei gn crude importa t i on wh i ch 
tend to conta i n  h i g her impuri ty l eve l s  than domestic  crudes . 

Crack i ng operati ons may be a s i gn i ficant  source of atmospheri c emi ss ions  w i t h i n  the ref i nery 
( Jones 1 973 ) . Coke f i nes , w h i c h  resu l t  from the movement and hand l i n£ of coke , are a poten 
t i a l l y  hazardou s materi a l  i n  the petrol eum coki ng process s i nce most of the non-vol a ti l e  �eta l s  
contai ned i n  the petro l eum are concentrated i n  the coke and coke fi nes . Coke fi nes are gener
a l l y  trucked to l andfi l l s  for offs i te d i s posal . T h i s  wastewater from the thermal  crac k i ng gu,·
eral l y  conta i ns h i g h  BOD  l eve l s ,  various  o i l fracti ons ,  COD , ammoni a ,  phenol , and su l fi des 
( Jones 1 973 ) . Such  was tewaters , however , are genera l l y  treated as part of an overa l l was te
water treatment opera t i on for t he  refi nery .  There i s  rel at i vely l i ttl e publ i s hed i nforma t i on 
c haracteri z i ng a i r  emi s s i ons  and water effl uents resu l t i ng from the use of petrol eum coke as a 
fuel . Consequent ly  a more deta i l ed envi ronmental impact anal ys i s  i s  d i ff icu l t at th i s  t ime 
s i nce addi t i onal  characteri zat i on ,  mon i tori ng , and measurements are requi red . Overal l ,  ho�ever ,  
based upon prel imi nary i nforma t i on , greater negati ve envi ronmentcl  impacts can be  ant i c i pated 
i n  the combus t ion  of petrol eum coke as compared to coal  on a we i g ht-per-we i g h t  basi s .  

1 0 . 3  POL ICY OPT I ONS  

The envi ronmental  and economi c i mpl i cat ions  of admi n i s trati on of the FUA are descri bed i n  th i s  
sec t i on . Throughout the anal ys i s  a "wors t-case"  envi ronmen ta l  assessment has been presented . I n  
t h i s  wors t-case approach ,  a maximum number o f  new coal fac i l i t i es has been assumed . Genera l ly  
s pea k i n g ,  the Secretary of E nergy can exerc i se po l i �y di screti on  to  reduce envi ronmenta l i mpacts 
by granti ng exemptions  to the prohi b i t i on of the use of oi l and ga s .  vJ i th respect to the worst
case approach , there i s  v i rtual l y  no l a ti tude for the Secretary to i ncrease  the use of coal and 
a l ternate fuel beyond the l evel assumed i n  th i s  ana lys i s .  Program impacts on a i r  qua l i ty as 
t hey re l ate to off-setti ng  exi sti ng po l l ut i ng sources ( offsets ) are d i scussed on page 5-23 of 
th i s  E I S .  

1 0 . 3 . 1  Appl i cabl e Env i ronmental Requ i rements 

One of the major purposes of the FUA i s  to requ i re that al l faci l i t i es meet app l i cabl e envi ron
mental req u i rements . These  requi rements i ncl ude a i r ,  water ,  and  so l i d  waste emi s s i ons . Faci l i 
t i e s  are to meet both federal and s ta te standards , regul at i ons , and l i m i tati ons . For further 
c l ari ty ,  the Comm i ttee of Conference i ssued the fol l ow i ng expl anati on : 

I n  agree i ng to use the term "appl i cabl e envi ronmenta l  requi remen ts " the conferees do 
not  i n tend to refer on ly  to those requi rements wh i c h  are appl i cabl e or i n  effect on 
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the date o f  enactment of  t h i s  Act .  Ra ther,  the conferees i ntend t o  i ncl ude w i t h i n  
the scope o f  t hat  term any l imi tat i on , standa rd , or prohi b i t i on ,  o r  other requ i re
ment wh i c h  subsequen t l y  becomes a ppl i cabl e under any envi ronmental l aw .  Fo r exampl e ,  
the conferees are aware that s evera l regul atory changes a re ant ic i pated under the 
C l ean  A i r  Ac t .  Among these expected changes are the rev i s ion  of  state impl ementation  
pl ans , the  regu l at i on of  prev i ou s ly  unregul ated pol l utants and  sources of po l l u t i on ,  
and  revi s i on of  certa i n  na t i ona l standard s .  T he  conferees expect and i n tend such new 
and re vi sed regu l ations  be counted as " a ppl i cab l e envi ronmental requi rements ·  for the 
purpose of t h i s  Ac t . *  

The major purpose  o f  the Act i s  to pro h i b i t  o r ,  a s  a ppropriate ,  m l n l m l ze the use o f  natura l  gas 
and petrol eum as  pri mary energy source s .  Congress has  i s sued a general pro h i b i t i on aga i nst  the 
burn i ng of  o i l and natural  gas in  new powerplants  and new MFB I s  cons i st i ng of bo i l ers .  The 
autho r i ty to grant or  deny exemptions  i s  based on el i g i b i l i ty and ev idence suppl i ed to the 
sat i s fact ion  of the Secretary . The federa l / state envi ronmen tal req u i rements exemption  wi l l  be 
granted i f  the Secretary i s  sati sf ied that compl i ance w ith  appl i cab l e envi ronmenta l requ i remen ts 
i s  a phys i cal  i mpos s i b i l i ty .  

1 0 . 3 . 2  D i scretion  Over Types o f  Fac i l i t i e s  Regu l ated 

Because new powerpl ants and new MFB I s  are genera l l y  pro h i b i ted from burn i ng o i l  and natural gas ,  
fac i l i t i e s  el i g i bl e  for an exemption  must be rev i ewed by the Department o f  Energy when compl eted 
pet it ions  are rece i ved . Fac i l i t i es wh i c h  meet el i g i b i l i ty requ i rements for an exemption  and 
supp ly  good -fa i th ev idence support i ng the i r  conten ti ons must be revi ewed . The Secretary can , 
howe ver , i s sue genera l pro h i b i t i ons to MFB I s  wh i c h  are non-boi l ers . The Secretary may pro h i b i t  
the u s e  o f  o i l  and na tural gas by category i n  s uch fac i l i t i e s .  I n  th i s  way , the Secretary ' s  
author i ty may be extended to fac i l i t i es that may be bu i l t  e i ther a s  bo i l ers or  non-boi l ers , 
thereby en suri ng equ i tabl e treatment by fac i l i ty type i n  conformance w i t h  the purposes of the 
FUA . 

I n  the prog ramma t i c  E I S ,  a maxi mum u se of coal and su bsequen t ly  a maximum proh i bi t i on program 
for MFB I s  has been a ssumed . Any pro h i b i t i on order i ssued under the program must meet appl i cab l e 
envi ronmenta l standards and requ i res a s i te-spec i f ic  rev i ew pursuant to NEPA .  

1 0 . 3 . 2 . 1  Powerpl ants 

For ex i s t i ng powerpl ants , the Secreta ry has  more di scret i on w ith  respect to the proh i b i t ions  and 
exempti on proces s .  Congress i ssued general pro h i bi t ions  to the u se of natural gas i n  exi s t i ng 
powerpl ants by l i mi t i n g  suc h  u se by 1 990 .  Prior to  1 990 , on ly  pl ants that  used natural  gas  
during  1 977 wou l d  conti nue to be  e l i g i b l e  to  use  natural  gas , and  on ly  in  prescri bed proportion s .  
Congress  a l l owed a n  option  to fac i l i tate compl i ance o n  a ut i l i ty system-wide bas i s  rather than 
on a pl ant-by- pl ant ba s i s .  

The greater l a t i tude o f  the Secretary over regu l at ion  of  exi st i n g  powerpl ants i s  subject to 
certa i n  fi nd i ngs  that DOE mu st  ma ke . These f indi ngs by DOE and the i r  case-by-case appl i ca t i on 
are subject  to the d i s cret ion of t he Secreta ry i n  d i st i nction to the more mandatory na ture of 
rev iew of peti t ions to exempt new fac i l i t i e s .  

1 0 . 3 . 2 . 2  Major Fuel burn i ng I n stal l a ti ons  ( MFB I s )  

The Sec retary ' s  d i scret i on to extend pro h i b i t i on  a l so appl i es to exi s t ing  MFB I s .  An important  
factor i n  the i ss uance of the pro h i b i t i on order is  whether the Secretary makes the f i nd i ng that  
the  fac i l i ty has coal or  a l ternati ve fuel capabi l i ty and  that  such use  is  fi nanc i a l l y  feas i bl e .  

The extent to wh i c h  the Secretary pro h i b i t s  use of o i l  and natura l  gas i n  a n  exi st i ng faci l i ty 
i s  a major d i s c retionary area . W i th respect to the purposes of  the l aw ,  o i l  and gas fuel sav i ng 
i s  a benef i t  wherever i t  occ urs , but the envi ronmenta l i mpl i cations  are s i te-spec i fi c .  

The s ubj ect area s about wh i c h  t h e  Secretary mu st  ma ke a f i nd i ng i f  an ex i s t i n g  fac i l i ty d i d  not 
have or d i d  not acqu ire coal or a l ternati ve fuel-burn i ng capabi l i ty i ncl ude : ( 1 ) s u bstanti a l  
phys i c a l  modi f icat ion  and ( 2 )  substant ia l  reduct i on of  rated capac i ty .  

Severa l fac tors mi l i tate agai nst the importance o f  exi sti ng fac i l i t i es i n  the overa l l magni tude 
of use of coal or a l ternati ve fuel s .  Fi rst and foremost  i s  the expectation that reasonabl e 
growth i n  energy cons umpt i on and natura l reti rement of o l der fac i l i t i es wi l l  pl ace emphas i s  on 

*Jo i n t Exp l anatory Statement of  the Comm ittee of Conference, J u ly  1 1 ,  1 978 , Section 1 03 ,  Defi n i t i ons .  
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new fac i l i t i e s  ( see Section  3 ) .  Another rea son for empha s i s  o n  new faci l i t i es i s  that more 
opt ions  are ava i l a bl e i n  the fuel use  deci s i o n ,  primar i l y  beca u se there are far fewer co st  
constra i n ts for  the  fac i l i ty owner. New fac i l i ti es can  be  de s i gned to  meet envi ronmental  
requ i rements , burn l ower-qua l i ty fuel s ,  and overcome phys i cal  s i te l i mi tat ions  at a l ower cost 
than retrofi tting  exi sti ng fac i l i t i e s . For new faci l i ti e s , there i s  the option  of bui l d i ng a 
pl ant at a di fferent s i te .  Many exemptions  requ i re that ut i l i t i es must cons i der al ternat i ve 
s i tes pr ior to e l i g i b i l i ty .  There are a l so more opt i o n s  i n  improv ing  on tec hnol ogy wi th new 
fac i l i t ies  compared to exi st i ng fac i l i t i e s , such as u s i ng fl u i d i zed-bed combu s t i on . 

I n  exerc i s i ng di sc retion  i n  authori ty to grant or  deny exempt i o n s ,  the Secretary cou l d  emp l oy a 
l en i ent approach that wou l d ,  i n  the granti ng of many exempt i on s ,  subsequentl y reduce envi ron
mental impacts . L i mi ted use  of  exempti on s ,  on the other han d ,  wou l d mean c l oser adherence to 
the "worst-case" ana l ys i s  a ssumed i n  th i s  programmat ic  [ I S .  However, ut i l i zation  o f  a l ternati ve 
fuel s other than coal wou l d be con s i stent w ith  the stri ct approach  and m ight  a l so resu l t i n  l ess  
env i ronmental impact than  that e st imated in  the  wors t case . 

1 0 . 3 . 3  Pr i nc i pa l  Exempti on  Categori es : New Powerpl ants and MFG I s  

General Requi rements 

Al t hough the exempti on categor i es are numerous , the f i nd i ngs  and demonstra t i on of the peti t i oner 
of good-fa i th efforts to comp ly  may be cruc i a l in the number of exempt i ons granted . The Secretary 
has  the di screti on to defi ne what const i tutes an adequate show i ng of good- fa i th effo rt s and the 
regu l at ions  conta i n  cr iteria  and tests to be u sed . There are several general requi rements , i n  
add i t i o n , that must be sat i sf ied �ri or to e l i g i b i l i ty for the exempt i ons . These requi rements 
i nc l ude a demonstrat i on by the pet i t i oner that a fuel mi xture cannot be used before the peti t i oner 
can be e l i g i b l e for an exempt ion wh ich  al l ows a 1 00 percen t  use of pet ro l eum or natura l gas . A 
second requ i rement precl udes DOE from grant i ng a permanent exempt ion  i f  DOE has found that use  
of fl u i d i zed-bed combust ion  i s  economi cal l y  and  techni ca l l y  feas i b l e .  Once DOE has  made a 
fi nd i ng that the use  o f  fl ud id i zed-bed combustion  i s  feas i b l e ,  the pet i t i oner wi l l  not be e l i g i b l e  
for a permanent exempt i on un l ess  i t  i s  demonstrated that , for the peti t i oner , fl u i d i zed- bed 
combust ion i s  not feas i b l e .  For powerpl ants , an add i t i o nal  requ i rement i s  the neces s i ty for the 
peti t i oner to s how that there i s  no a l ternati ve supp ly  of el ectri c power avai l ab l e w i t h i n  reason
able d i s tance and at a reasonabl e cost subject to the cond i t i on that use  of such  a l ternati ve 
power source does not i mpa i r  re l i abi l i ty of serv i ce .  Al l of these general requ i rements must be 
met before the pet i t i oner can demonstra te e l i g i b i l i ty for any permanent exempt ion  except the 
peak l oad exempti o n .  I n  add i ti on , pet i t i oners reques ti ng a permanent fue l -mi xtures exempti on do 
not have to meet the general requi rements for m ixtures or  fl u i d i zed- bed . Ut i l  i ty peti ti oners 
reque s t i ng a permenant cogenerat ion  exemption  do not have to meet the al ternati ve supply of 
power requ i rement . 

1 0 . 3 . 4 Pol i cy Opt ions  i n  the  Exempt i on Process 

Al though the exempt ion  categories  have been br i efl y descri bed , they are not fu l l y i nd i ca t i ve of 
how the exemption  process  wi l l  proceed with respect to areas where d i scret i on wi l l  be u sed . 

Lack of Al ternat i ve Fuel Suppl y 

The co st  test  under th i s exemption  perm i t s  a n  exemption  on l y  where the cost of u s i ng coal or 
a l ternat i ve fuel  s ubstanti al l y  exceed s the cost of  u s i ng imported o i l .  I n  mak i ng th i s  determi na
t i on the Secretary wi l l  exerc i se pol i cy d i scret i on i n  app ly i ng the l evel  of  econom ic  penal ty 
that i s  appropri ate to the use  of coal . 

For the a na l ys i s  of worst-case impacts , the amount of  coal burned i n  the var iou s  reg i ons  of the 
nat ion  was mode l ed based on the rel a t i ve cost of coal u s e  versus the cost of res i dual  o i l . When 
a l en i ent cos t penal ty assoc i a ted w i t h  coal  was used , there was l e ss  coal u se and when greater 
pena l t i es were a s sumed there wa s more coal use .  Greater penal t i e s  mean that the cost rat i o  of 
coal to import ed o i l  use  wi l l  be h i gh ,  and a l en i ent  cost pena l ty impl i es the reverse . 

The resu l ts of th i s  model i ng effort are i l l us trated i n  Tab l e  l O . S .  For exampl e ,  a t  a " substan
t i a l l y  exceed s" fuel cost penal ty of 10  percen t ,  in  1 985 about 54 mi l l i on tons of coa l - burn i ng 
i n  MFB l s  captured i n  the econom ic  cost test  and at 50 percent fuel cost pena l ty ,  72 mi l l i o n  tons 
of coal burn i ng i n  MFB I s  are captured . The tab l e  i s  mere ly  i l l u s trati ve that mos t  coa l  burn i ng 
may take pl ace i n  a rather narrow cost range . More i mportant may be the obv ious  reg i ona l  d i s 
pari ty i n  impacts , whereby a t  the 1 0  percent fue l cos t pena l ty Demand Reg i o n  V I accounts for 
over three-fourths of the program i mpacts . At h i gher pena l ties , Dema nd Reg i o n  V I  ( most ly  i n  
Texas a nd Lou i s i ana )  rema i n s  domi nant . but to a l esser  ex tent .  The heav i l y  urbani zed east and 
west coasts are not projected to be great ly  i mpac ted by the program . 
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The impacts i n  Ta b l e  1 0 . 5  are mere ly  i l l ustra t i ve ,  because the actual defi n i t i on o f  " substantia l ly 
exceeds "  wi l l  depend on a number o f  factors which are s i te-spec i fi c .  For examp l e ,  the i l l ustra
t i ve exampl e  merely  compa red fue l  costs of coal and o i l  bu t actual regul ation of the program 
wi l l  assess the trade-off of cap ita l  cost and operation and ma i n tenance costs of coa l (or al ter
nati ve fuel ) wi th the cost o f  u s i n g  imported o i l . In other words ,  regu l ation wi l l  compare total 
costs where i mportant e l ements i n  the fuel use dec i s ion wou l d  i nc l ude the cap ita l  cost of  meet ing  
envi ronmental requ i rements as  part o f  the  total cost .  The  sett i ng of  the  " su bstanti a l l y  exceeds"  
cr iterion i s  an i mportant a rea of  d i scretion .  The i mpacts in  Tab l e  1 0 . 5  merel y i l l u strate the 
importa nce of  the test and do not defi ne the " su bstantia l l y  exceeds "  cri terion .  

Other Areas 

Another genera l exempt i on i s  s i te l im itat ion .  The s i te l im itation defi ni tion is restri cted to 
phys ical fac tors i n  conformance w ith Congress ional i ntent. Important i n  regu l ation i s  the DOE 
defi n i t ion of what consti tutes good-fa i th efforts to o vercome s i te l imi tat ions .  Aga i n ,  th i s  i s  
an area where no preci se requ i rement can be set, but d i scret ion i s  necessary .  

Ta bl e 1 0 . 5 .  I ncreased Coal Consumption i n  1 985 a s  a Resu l t  o f  the FUA : 
I l l ustra t iona of Re l a t i ve Impacts 

(mi l l i ons of tons ) 

Demand Fuel Cos t Penal ti: (%)b 

Reg i on 1 06 Btu/tonC 0 1 0  20 30 50 1 00 

24 0. 04 0 . 08 0 . 50 0 . 87 1 .  50 1 .  90 

I I  24 0 . 08 0 . 63 0 . 92 1 . 1 7  1 .  54 1 .  7 5  

I I I  24 0 . 8 3  1 .  1 7  1 . 50 1 . 67 1 .  96 2 . 1 3  

I V  23 3 . 22 5 . 39 5 . 65 6 . 1 3  7 . 70 8 . 86 

V 23 0 . 70 1 .  21 3 . 22 3 . 83 5 . 04 5 . 43 

V I  1 7  22 . 4 7  41 . 64 42 . 35 44 . 4 1 45. 1 8  46 . 53 

V I  I 1 9  0 . 26 0 . 26 0 . 52 0 . 95 1 . 32 1 . 42 

V I I I  1 9  0 . 1 1  0 . 47 0 . 53 0 . 53 0 . 74 0 . 89 

IX  1 9  1 . 46 3 . 1 5  3 . 73 5 . 89 6 . 53 7 . 00 

X 1 8  0. 33 0 . 33 0 . 44 0 . 44 0 . 50 0 . 61 

2 9 . 5 1  54 . 33 59. 36 6 5 . 89 72 . 01 76 . 52 

a I l l ustra t i ve o n l y  and does not purport to 
cos t tes t .  

identi fy "substantia l ly exceeds "  

bFue l cost o n l y  refl ects p r i c e  i ncreases over imported petro l eum and does 
not refl ect i ncreases i n  operati ng ,  ma i ntenance or cap i tal  cost . However , 
some of the impacts of these l atter costs may be impl i ed from the fuel cost 
ana lys i s .  

cBased o n  Tab l es 3 . 4  and 3 . 5 .  

The Systems Compl i ance Option permits ut i l i t ies to ma ke the most effi ci ent use o f  generating 
capac ity wi thout a pl ant-by-pl ant rev i ew of how natura l  gas i s  used . Under the opt i on , ut i l i t ies  
subm i t  to DOE a pl an o f  compl i ance , whereby by  1 990 natural  gas  i s  reduced by  80 percent over 
cur rent usage.  Among other t h i ngs the plan i nc l udes a commitment not to bu i l d  basel oad oil  and 
gas fac i l i t ies  and requ i res a real i stic  t i metabl e for the pl an submi tted . The Sys tem Compl i ance 
Option wi l l  part i c u l a r l y  affect ut i l i t i es in the southwest that currently have basel oad natura l  
gas un i t s .  
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Other areas of d i scretion  i nc l ude the means by wh ich  rel i a bi l i ty i s  eval uated for the purpose of 
demon strati ng  el i g i bi l i ty for t he rel i a b i l i ty exempt i o n .  Fuel mi xtures wi l l  a l so requ ire d i s 
cret ion i n  that no spec i f ic  mi xture of  coa l o r  an  a l ternate fuel a n d  o i l  a n d  g a s  can b e  determi ned 
in advance of  the parti c u l ar operat i ng condi t ions  of t he fac i l i ty .  For a l ternate s i tes for 
powerpl an ts , there i s  d i screti on as to what represents an adequate s howi ng  for i n termedi ate 
exemption  and the general exempti on . On the one hand , a sel ect number of s i tes can be eval uated 
a s  fa i r l y  and reasonab ly  as poss i bl e  by the uti l i ty ,  or the ut i l i ty may a l so  have to devel op an 
e l a borate and support ive s i te-sel ection  methodol ogy as  to en sure t hat " straw men "  s i te cand i dates 
are el i mi na te d .  S i tes c a n  b e  sel ected t o  m i n i mi ze env i ronmental i mpacts or i n  some cases to 
prevent coal or a l ternate fuel burn i ng i nstead of o i l  and natural gas . Thus the envi ronmental 
i mpacts of th i s  exemption  mu st be determi ned on a s i te-speci f ic  bas i s .  

The di scus s i o n  of  d i screti onary areas and exempt i on categori es i s  not exhaust ive .  The focus of 
t he E I S  di scu s s i o n  is on permanent exempti ons to new MFB I s  and powerp l ants , as these fac i l i t i e s  
are expected t o  account for greater amount of s h i ft t o  coal . I n  the model i ng  effort , i t  was 
assumed that a l l basel oad coal  use was a l ready pl anned i n  the ut i l i ty sector .  Becau se of  the 
nature of the regu l atory process , many areas subject to pol i cy wi l l  become expl i c i t  when peti t i on s  
for exempti on are rece i ved . The areas rev i ewed i n  th i s sect i on are those that are be l i eved to 
be important  at th i s t i me .  

1 0 . 3 . 5  DOE Authori ty Re l ati ve to Env i ronmental Requi rements 

The Department of Energy has  authori ty to grant or deny exemptions  on  the pro h i b i t ion  of o i l  and 
gas use . Exempt i ons  to use o i l and gas  wi l l  be granted if appl i cab l e envi ronmental requ i rements 
wi l l  be v i o l ated . Efforts to meet envi ronmental requi rements and use coal or a l ternate fuel 
wi l l  be demonstrated to DOE by the pet i t i o ner for an exempti o n .  DOE has authori ty to judge the 
adequacy of the demonstra t i on . 

W i th respect to exemptions  for peak l oad pl ants to use natura l gas and i n termed i ate p l ants to use 
o i l , the Adm i n i strator of E PA or t he a ppropr iate state air pol l ut ion  control agency must  assess 
whether the use of coal or a l ternate fuel woul d  resu l t i n  or contri bute to a v i o l at i on of Nati onal 
Amb i ent A ir  Qua l i ty Standard s .  

W i t h  the excepti ons  noted above , the Secretary ' s  authori ty i n  env i ronmental matters i s  not 
mod i fied , but the requ i rement for faci l i t i es to meet envi ronmental s tandards is unequ i vocal . 

1 0 . 3 . 6  Prohi bi t ion  and E xemption  Procedures 

The regu l atory process is des i gned to be l argely an exempt i on process rather than a proh i b it ion  
process . The number and i mportance of exi st i ng faci l i t i es o ver wh ich  the Secretary can i ssue 
prohi bi t ion orders may be sma l l compared to the number of new faci l i t i es whi ch  may des i re to 
burn o i l or gas .  

Owi ng to the nature o f  t he exempti on process , the Secretary wi l l  be peti t i oned for a n  exemption 
based on the pet i t i oner ' s  v i ew t ha t  e l i g i bi l i ty requi rements have been met , and that the requi rea 
ev idence has been submi tted . DOE wi l l  rev i ew subm i s s i on s  to determi ne whether t hey are compl ete. 
General requi rements wi l l  be sati sfied by the peti ti oner before rev i ew of el i g i bi l i ty for a 
parti cu l a r  exempt ion  wi l l  be a s ses sed by DOE.  Efforts to overcome o bstac l es to the use of coal 
or a l ternat i ve fuel wi l l  be assessed by DOE and adequacy of that effort may be consi dered i n suf
f ic ient . I n  such cases , no exempt ion wi l l  be con s i dered un l ess  the peti ti oner improves the 
l eve l of showi ng of el i g i b i l i ty so as to sat i s fy good-fai th efforts . For some exemption areas 
an adequate s howi ng wi l l  automati ca l l y  resu l t in an exempti o n ,  wh i l e  i n  other exemption areas 
the use of that exemption  category i s  at  the d i scret i on of the Secretary . The d i s tinction  i s  
not meant to defi ne ease o r  stri ngency i n  appl i cat ion  o f  the l aw,  but to i ndi cate that i n  some 
c i rcumstances i t  i s  the we i ght of the peti t i oner ' s demonstration  of el i g i bi l i ty and supporti ng 
ev idence whi ch i s  importa n t ,  wh i l e  i n  other areas the use of a parti cul ar exemption  category 
woul d al so  i nvo l ve d i scret i onary l at i tude on the pa rt of  DOE . For exampl e ,  rel i a b i l i ty i s  
genera l l y  conceded to be an  i mportant rea son to use a parti cul ar fuel , but what consti tutes a 
demonstrat i on of reduced rel i a bi l i ty ( because of coal or a l ternate fuel use ) may requ i re exten
s i ve documentati on . Publ i c  i ntere s t ,  however ,  is general l y  conceded to be a vague phrase , whi ch  
may not in  and of i tsel f cons ti tute a category for which  many exempti ons may be  granted . The 
above exampl es i l l ustrate two ki nds of d i screti onary powers by the Secretary , and are not 
i ntended to characteri ze future fi ndi ngs . 

1 0 . 3 . 7  Env i ronmental Impacts of Po l i cy Options  to  Exempt 

For eve� exemption  granted i n  the program , l ess  coa l or a l ternate fuel wi l l  be used i nstead of 
o i l or gas . On bal ance , the envi ronmental impacts of exemptions  may be benefi c ia l . Coal , 
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mun ic i pal  waste , bagasse , and  pu l p \1 [) S  e s  ma y rcl ea:,£:' res i d u ::l [ s  to e i r  and  water t hat  exceed t he 
arrount d ue to the use  o f  o i  1 o r  gas . r�}fTl a r,�sour[;e man a gemen t v i ewpo i n t: ,  tile use  of mun i c i pa l  
was te , bagasse , a n d  wood pu l p was te c l  ha ve t h e  benef i t c f  (' ofl s ur ll i n q  ma tet' i a l s t h a t  wou l d  
otherwi se be d i s carded . From the s t r i ct v i ewpo i n t  o f  part i cu l ate emi s S i on s , however ,  the use  o f  
waste ma teri a l s has n o  i nt r i n s i c  a d v a n t a g e .  

1 0 . 3. 7 . 1  Env i ro nmenta l Exempt i on� - Appl i c ,� h l e  [nv : ;-on'; ie 'l�d l :le\ju l a t i on s  

. Un t i l  the regu l a t i ons  are promu 1 9a ted a nd t.he regu l a tory p r:K e ; s  h a s  been imp l emented fo r some 
t i me ,  i t  i s  not pos s i bl e  to make prec i s e  s ta temen ts a bout  env i ronmenta l i mpac ts  of g ra nt i n g or 
deny i ng exemp t l ons at t he programmat i c  l eve; , a n d  c e ,·ta i n l ) not for s pe c i f i c  l ocat i on s . The 
presumpt ion  i s ,  however , that the a i ,- 'jU-, l i t.y "i n'r'il c t c.  ,·d l ]  i)l:' t ilt' s "i n g l e  mo s t  i m po l-t a n t  filctor 
in  gran t i ng env i ronment a l  e xempt i rw ,  . .  f '":f" n e w  t.") l l e ; -;"  a J e t c: r;n i :1a t ; UI :  o f  w n e t h e r  u n i t s qua l  i fy 
for an exempti on depends on t he f" t u l'e l oca t. i Of is  (, i i lldu s t t i " l f ac i l i t i e s re l a t i ve to d i rty 
AQCRs , fuel type , p o l l u t i o n  control  cq u i prli' r ;t: and t he a b "i l "i ty to o b ta i n  o ffsets . In genera l , 
however . an a i r shed i s  i nc l us i ve o f  a metro ped i ta n  a r'ea , L e . , t he bound a r- i e s  o f  the a i r  shed 
i ncorpo ra te the metropo', i ta n  a rea . Al t h;)u Cj h  u rban a r :! d S  ha ve become i ncrea s i n } l y  su bu rban i n  
the l a s t  30 years , i t  i s  u n l  i ke l y  t h a t  Illa ny i nd u s t r i d l  fa t.· n i t i e s wi l l  l>e l oca ted outs i de a 
met ro po l  i tan area . �10 s t  new M FB l s  \1 i "1 i p ro ba o l y L'e l oca t.(·d i n  th t' saw' l ocat i on a s  at present . 

For powe r pl ants , the i r l oc a t i onal  dec i s i ons a r e  i n c r e a s i n g l y  becom i n g  i nd epende n t  o f  l oad 
-::enters , because of e n v i ronme n t a l  rea so n s and for o ther Y'eCi s o n c • Nuc l ear p l ants , by d i nt of NRC 
l i cens i ng procedure , must be l oc a ted i n  l ow pODu l a t i nn d rca s . Coa l p l J n t s  requ i re cons i derab l e 
l and a rea dnd the trend i s  to\'la�d mu l t i p l e  p l a 'l t  s it : n gs i n  'rpmo t e  a rea s vlherever acceptab l e  
s i tes are found . 

The env i ronmental  i rnpact o f  gra n t i n g � Il exempt i o r, w i  1 1  be benef i c i a l i n  most  c a s e s  w i t h  respect 
to a i r  qual i ty hherever tho p l a n t.  i s  s it l" : . ihe f' n v i runtne'lta l i nlpa c t  o f  exempt i ng an ex i st i ng  
fac i l  i ty wi l l  proba b l y  b e  Ino re benefi c i a l  t h a n  a n  (,xernp t i o n o f  a lieI'I fae i l  i ty .  New fac i l  i t i es 
can be pl anned so as to :<li n i m i ? e  <:n v i rcnlncnta l i m[,a c t  by !n('f; t i '1g s t r i ngent n ew So u rce perfo rmance 
standa rd s ,  and by U S i ng bes t a v a i l a b l e c o n t rc l  tec 'd1o l ogy G r' :l n t i ng exe rJp t i on to ex i s t i ng 
fac i l i t i es wou l d a l l ol1 more gro�lt h fo r n e t fa c i , i t i e s r e ' a t i ve te' l UlTlu l a t i ve a i r  q u a l i ty concen
tra t i o n s .  

1 0 . 3 . 1 . 2  S i te L i m i ta t i ons 

Severa l env i l'onrnental  advantages [I,(\y acc rUi; to t' xemlJt i on s  c u e  t o  s i te l i m i tat i ons w i th  respect 
to sl udge d � s po s a l  for exi s t i n g  fa c i l i t i es .  There wou l d  o ro �a b l y  be few env i ronmental  advan
t a g e s  to exemtJt i o ns fo r new fac i l i t i e s ii  OI "" . "irJ n s  o n  s l ud(je j i :, ! ) t) s a J i nc re a s ed . �4he ''':2 fac i l i t i e s  
are l oca ted i n  bu i l t - u p  a l'pa s ,  a n  exeo ,p t i o 'l f o r  r e a s o n  e)f s i te l i ill i tdt "i on \, i l l  a l so >''1e f i t a i r  
qual  i ty .  

l Q 3 . 7 . 3  Sys t�ms Compl i ance O p t i on 

Cho i c e  of the System Comp l i ance Opt ion  may h a v e  � e v c r J l  e n v i rot lme n t a l  ad va n ta ges .  Al though the 
env i ronmental  i mpacts o f  fue l c h o 'i ce are s ; u" s pec i f i c ,  U, e l''' � r 9Y o bj ec t i ve t'ega rd i n g fuel 
cho i c e  is not a s i te- spec i f i c  cO:l s 'i de ra t : d i! , i , e . , " fJil t r (J l  o f  o i l 0 1' 1 , 000 c u b i c  feet of gas 
')ave:: i s  the same sav i ng regard l e s s  o f  the ilk n n " y  i n  �:h i d; 1 \. is s a ved . Co n seq u en t l y , th i s  
o pt ion  ,� l 'l ows g rea ter fl ex i b ; l i ty til in:,et (\ i '- : : !'/c. l i t y ") hj u' �  i 'f e' S .  

1 0 . 3 . 7 . 4  Othe r [x,,'! !pt i o n s  

The a bove spec i f i c t'xempt i ofl S  h J v e  ii " i ,c.:: t c)} ] '«: i r , : : 1. \ " I i, t i ,) t , > ; � !-, lu n'fet i n (j  2f: ', j ro nrne n t a l  
object i ves . The  i n d i t'ect " e : at i on :: h i [) "; � dup  [ ,  t h e  j; 'C Cj r j '!n u f  o f' e >' 1 " t "i n-:; �'1F[j I O t '  pOI"erpl a r.t 
in a hi g h l ) urban i zed area . 

Other po s s i b l e exemp t i ons , i nc l ud i ng s ta l2 a n d  1 � � J l  exemp t i n n s , ho {p d ca i n c i denta l rel a t i o n 
s h i p  t o  t he e n v i ronrqen t .  E a c h  exe',l pt i () I I  'JncJQ I '  t) -e co thel "  c" te'� C f' i es w i ll " 0s u l t  i r,  fewer 
res i d ua l s ,  because o i l  and gas is  bu rned rathc l" than c o a l  u r  other f" l� l s ,  I nd i rec t l y ,  effo r t s  
to i mprove env i ronrnen ta'/ c l eamJp  c o n t ro l e q u i pmen ': !":"'2Y h" e nc:u: r'll '.Jed by tfw FU/), . ' 

0" il " i te "· s pe c i f i c b a s i :; ,  exempt. 1 o ' I 'c :I,"I[ te i "L ) , .: : . ; \'e  eec hr h) ! , '";\, , :" "� ! 1'-" )-, "L! :'E S , fb i d,i z e d - be d ,  
a nd c ogen<: rat i on ira'y have a ro�; i t i v l '  le ' i / i e' ) :!n:p:!", , :  """ ' V i, '; td .. : 'c' 
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1 1 . ENV I RONMENTAL T RADE-OFFS OF THE PROPOSED ACTI ON 

The national  consequences of the pro posed acti o n  wi l l  be l a rge ly  und i scern i b l e  to the genera l  
publ i c . However ,  on a sma l l er sca l e ,  part i cu l ar ly  l oca l , they may b e  s i g n i f icant . Some of  the 
i mpacts are quanti f i ed in Tabl e 1 1 . 1 ,  a l though the quanti f iab l e i mpacts are not necessari l y  the 
more s i g n i f i cant  ones . Because the proposed action  i s  de s i g ned to meet a i r  and water qual i ty 
s tandard s , the i denti fi abl e spec i fi c  i mpacts can on ly  be determ i ned o n  a s i te- spec i fi c  bas i s .  
Env i ronmental trade-offs w i l l  b e  quant i f i ed and assessed i n  a s i te-spec i f i c  eva l uat ion  for 
those fac i l i t i e s  app l y i ng for exempti on from FUA . Because quanti f i ed impacts w i l l  be assessed 
by DOE or other regu l atory agenc i es dur ing  the permi tti ng process ,  wh i c h  fa l l s  outs i de DOE ' s  
purv i ew ,  the s ummary o f  env i ronmental con s i derat ions  presented i n  Tabl e 1 1 . 1 are summari zed 
d i fferentl y than the programma t i c  trade-o ff summary presented i n  Tab l e 1 1 . 2  and 1 1 . 3 .  Thi s 
separate presentation  refl ects the conc l u s i on that the quan t i t i es presen ted i n  Tabl e 1 1 . 1 are 
not the measure of  the accepta b i l i ty of  the program. Rather , the q uanti ti e s  presented refl ect  a 
measure of magn i tude o f  the program i n  terms o f  total pol l utants produced . 

1 1 . 1 ENV I RONMENTAL T RADE-OFFS : N EGAT I V E  I MPACTS 

The envi ronmental trade-offs presented i n  Tab l e 1 1 . 3 have been descri bed as hav i ng ( 1 )  mi n i ma l , 
( 2 ) d i scern i b l e  b u t  not s i gn i fi cant ,  or ( 3 )  s i g n i f i cant  i mpacts . The categori zat ion  refl ects a 
re l at i ve and qua l i tati ve assessment , as s hown i n  Tab l e 1 1 . 2 .  A d i scern i b l e i mpact i s  defi ned a s  
o n e  t h a t  cou l d  b e  spec i f i ca l l y  l i nked at  a part i c u l a r  s i te t o  the FUA . A d i scerni b l e  i mpact i s  
one that i s  recogni zed a s  a separate and d i s ti nc t  i mpact of the proposed acti on . A m i n i ma l  
impact wou l d  not be d i scerni b l e ,  a n d  may b e  a near- zero i mpac t .  A s i g n i f i cant i mpact i s  di s
cern i b l e and wou l d res u l t i n  the  v i o l at ion  of exi sti ng or future nati onal  standards . The FUA 
does not a l l ow such  v i o l a t i on to occu r ;  each construc t ion  or convers i on mus t  meet app l i cabl e 
env i ronmental req u i rements , i nc l ud i ng new ones that may be enacted i n  the fu ture . Accord i ng l y ,  
s i te-spec i fi c  " s i g n i f i cant"  i mpacts wi l l  not be perm i tted by the proposed ac t i o n .  N o  known 
i mpacts were i denti f ied  i n  the E I S  wh i ch were cons i dered equa l in consequence to i mpacts a l ready 
regu l ated ( or i mpacts for wh i ch reg u l at ion  i s  a l ready be i ng con s i dered ) ;  i . e . , the proposed 
act i on does not i nduce an ac t i v i ty for w h i c h  new l eg i s l at ion  sho u l d  be con s i dered . 

1 1 . 2 ENV I RONMENTAL TRADE-OFFS : POS I T I V E  I MPACTS 

Pos i t i ve i mpacts i n  Tabl e 1 1 . 2 were a l so treated as hav i ng mi n imal , d i scern i b l e  but  not s i gn i f i 
cant , a nd s i g n i f i cant i mpacts . Because these benefi ts are s o  d i fferent than the envi ronmental  
impacts , the benefi ts cannot be compared d i rect ly  w i th the impacts . " S i g n i f i cant  impacts " 
refl ect those w h i c h  depend d i rectly on how fuel i s  used i n  ut i l i t i e s  and major  fue l -burn i ng 
i ns ta l l ati ons . " D i scerni b l e "  i s  defi ned a s  a benefi t wh ich  cou l d  be spec i f i c a l l y  l i n ked to the 
act ion  of convert i ng a bo i l er under FUA , but the benefi t does not neces sari l y  depend on fuel 
use ; i t  may depend  on many factors unre l a ted to FUA . Some benef i ts may be i mportant but they 
may not be d i scern i b l e  under th i s  defi n i t i o n ,  because the defi n i t i on req u i res a spec i f i c  conver
s i on to be l i n ked to the i dent i f i ed benef i t .  For exampl e ,  the forei gn-rel at i ons benefi ts 
depend on the perception  of  how the U . S .  i s  sol v i ng i ts energy probl ems , and the FUA is nei ther 
the total energy prog ram nor i s  i t  the mos t  v i s i b l e  aspect of  the nation ' s  energy program . T h i s  
categor i za t i on of  benefi ts requ i re t h a t  i n  order t o  b e  " s i g n i f i cant"  o r  "d i scern i b l e "  an  i mpact 
must have a d i rect rather than i nd i rect effect on fuel use . FUA i s  d i rected to reduct ion  of 
natural gas and o i l  use by 1 990 . Even w i th temporary exempt i on s  of up to 1 0  years , near ly  a l l 
convers ions  wi l l  probab ly  have taken p l ace  by 1 990 . Pr i ori ty use  of natural gas  and o i l wi l l  be 
the mos t  s i gn i f i cant benefi t .  

1 1 . 3 D I SCUSS ION  

The trade-offs of  the FUA  represent d i spara te benef i ts and  i mpac ts , wi th the  envi ronmen ta l  
i mpacts bei ng l argely negat i v e .  The i mpacts o f  coa l mi n i ng ,  comb u s t i on , a n d  wa s te d i sposal  wi l l  
occur regard l es s  of the proposed act ion . The ma i n  thrust of the proposed acti o!) i s  to accel er
ate these i mpacts to the 1 980s and 1 990s rather than dur i ng a l ater period when gas and o i l  
shortages may force i ncreased coal use through  shortages and pr i ces . 

1 1 - 1 
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Tabl e 1 1 . 1 .  Summary of Envi ronmental Impacts of the FUA 

Envi ronmental Consideration 

land Use 

Mi ning , waste process i ng 

Coal storage and ons i te process i ng 

Combustion waste d i s posa l 

A ir  Pol l utants 

Tota l emi s s ions 
S02 
NOx 
Particul ates 

Annua l i ncremental i ncrease i n  
ambient a i r  qual i ty (maximum) 

S02 
NOxa 
Particu lates 

Combustion Was tes 

Sc rubber s l udge 

Fly ash  

Water Use  

Mi n i ng 

M in i ng waste di sposal 

Recl amation i rrigation 
( Supply Reg ion 6 only) 

Heal th Effects 

Mi n i ng and cl ean i ng 
Fata l i ties 
Nonfatal i njuries 

Transportation 
Fa tal i ties 
Nonfatal i njuries 

Combusti cn 

Impact , 
1 990 (maximum year )  

3300 hectares 
( 81 51  acres ) 

1 900 hec ta res 
( 4693 acres ) 

1 700 hectares 
( 4255 acres ) 

1 . 2 x 1 06 ton 
0 . 7 x 1 0 6  ton 
0 . 1  x 106  ton 

2 . 5  Ilg/m3 
a/ 
1. 5  Ilg/m3 

2 3. 6  x 1 06 ton 

28 . 9  x 1 0 6  ton 

5- 1 9  x 1 0 8  gal 

l O x 1 0 8  gal 

6 x 1 08 gal 

1 6  b 
1 070 

62 
1 394 

Y 
aT he knowl edge of atmospheric  chemistry of NOx i s  not suff ic ient to 

permit  rel i abl e  resul ts from model i ng .  
b

I nc l udes acci dents and d i sease . 
cCoa l -combusti on-re lated heal th effects cannot be accurately quant i

fied at  thi s  time ( see Sec . 5 . 9 . 5 ) . 



Rating 

Mi nimal 

Di scern i bl e  

S ign if icant 
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Tab le  1 1 . 2 .  Defi ni tion of Pos i ti ve and Negative Impact Rat i ng s  

Pos i tive Impacts 

Benef it  has some rel ationsh ip  to fuel 
use , but cannot be l inked to s i te
spec if ic  coal use . 

Benef i t  i s  only partial ly  obtai ned 
by al teri ng fuel use;  benefi t  al so 
depends on many other factors unre
l a ted to the FUA . Benefi t  can be 
l i nked to s i te-spec ific  coal use .  

Benef it  is  obta i ned primari ly by 
changi ng the way fuel s are used i n  
the nation ' s  i ndustries ; benefi t  
can be l i nked to s i te-specific  
coa l use.  

Negative Impacts 

Impact i s  genera l ly  known to be l i nked 
to coal uti l i zation , but no s i te
specific  u se wi l l  cause a noticeabl e 
or measurabl e impact .  

Impact can be  l i nked to a s i te
specif ic  reduction i n  env i ronmental 
qua l i ty,  which  may not be noti ced by 
the publ ic  but can be cal cul ated or 
measured . 

Wi l l  viol ate exi st ing or future 
national pol l utant standards (a i r ,  
water , o r  sol i d  waste ) . Impact i s  
di scernabl e a t  the l oca l l evel . 
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Ta bl e 1 1 . 3 .  Nationa l FUA Program-re l a ted Trade-offsc 

Pos i t i ve Impacts Nega ti ve Impacts 

Impact Rat i ng Impact Rating  

I ncrea sed national  se1 f
suff ic i ency in fuel use 

Di scern i b l e  
a 

I ncreased particu l ates and S02 D i scern i bl e 

Extens i on of domestic  o i l  and 
gas suppl ies  

Increased f l ex i bi l i ty i n  natu
ra l gas curta i l ment dec i s i ons 
wi th natural gas  reserved for 
pr i or i ty uses 

Improved bal ance of trade 

Reduced pres sure on the va l ue 
of the do l l ar rel at ive to 
other currenc ies  

Fore i gn rel ations benefi t  
resul ting  from demons tration 
of a nati onal energy pol icy 

Encouragement of  use of fuel s 
wh i ch o therwi se m i ght  have 
been di scarded as was te prod
ucts ( pu l p ,  bark , mun i c i pa l  
waste , b l ack l i quor , bagas s e )  
i n  certa i n  i ndustries 

Encouragement of  use of 
advanced coa l combust ion 
technol ogy 

Reduced frequency of o i l  
s p i l l s  o f  sma l l magni tude 

I ncreased emp l oyment 

Di scerni b l e  

S i gni f icant 

Di scern i b l e  

M in ima l  

M in imal  

Di scern i b l e  

S i gn i ficant 

Mi nimal 

Mi n imal 

I ncreased su l fate l oading  to 
water 

I ncreased sol i d  was te and 
scrubber s l udgeb 

Increa sed coa l p i l e  and 
wa stewa ter eff1 uents b 

I ncreased rel ease of trace 
e l ements fl'om coal combustion  

I ncreased use of water 

Increa sed soc ia l  impacts 
rel ated to coal m i n i ng 

I ncreased hea l th ri s k  

I ncreased costs to  the 
consumer 

I ncreased impacts due to coa 1 -
rel ated l abor s tri kes when 
they occur incl uding  trans
porta t i on of  coal  

Accel erated deprec i ation of 
capi ta l assets and cost of  
generating  el ectri c i ty and 
steam from spec i f i c  fac i l i ti es 

I ncreased stockpi l i ng prob
l ems 

Loss of wi l d l i fe hab i tat  

Permanent d i s turbance or 
commi tment of l and due to 
m i n i ng 

I ncreased emi ss ions of  hydro
carbons , NOx , and CO 

I ncreased damage from acid ra in  

I ncreased occupati onal hea l th 
r i sk  due to mi n i ng 

D i scern i bl e 

Di scerni b l e  

Di scern i bl e 

M i n ima l  

M in imal 

M in ima l  

M i n i ma l  

M in imal 

M in imal 

D i scern i b l e  

M i nima l  

M i n i ma l  

M in imal 

Minimal 

M in imal  

M i n ima l  

----------------------------------------------------------------------------
aV i o 1 ation  of National  Ambient  Ai r Qua l i ty Standards wi l l  not be perm i tted under 

action . 
bEach potentia l  fuel substi tut i on must meet a ppl icab l e  envi ronmenta l regu l at ions  

subject to  future s tandards as  they become l aw .  

the 

and 

proposed 

wi 1 1  be 

cThe trade-offs presented in th i s  tab l e  a re genera l national  trade-offs ; there wi l l  a l so be 
s i te-spec i fic  impacts . 



1 1 -5 

R i s i ng pri ces of o i l  and gas wou l d  i n  t ime encourage i ncrea sed coal u se  regardl ess  of the pro
posed acti on . Wi th onl y vo l untary convers i ons the na tion  wou l d  be more vul nerabl e to o i l  
embargoes , natural gas  curta i lment , and p l ant c l o s i ngs , than wi thout  such a mandato ry program i n  
the peri od from the present to 1 99 0 .  

Through the  FUA , t he  pub l i c ,  soc i a l , and  envi ronmenta l  costs associ ated wi th i ncreased use of 
coal can be con s i dered expl i c i tl y .  Insofar as  domes t ic  natura l  gas and o i l  pri ces rema i n  be l ow 
worl d l evel s over the next few years , the program can force i ncreased coal use wi thout the con
sumers ' assumpti on of i ncreased general fuel pri ces that wou l d  occur as a resu l t  of immedi a te 
price i ncreases through taxes and nati onal gas deregu l ation . Increased coa l use w i l l cost some 
money , but nowhere the amount i t  wou l d cost soci ety to accept a genera l i ncrease i n  o i l and gas 
pri ces to a l l users . 

The i rrevers i b l e  nature of the proposed action l i es i n  the requ i rement to ma ke i ncreased coal 
u se  in the next few years as  f i nanc i a l  and techno l og ica l  feas i b i l i ty permi t ,  rather than del ay
i ng those acti ons unti l gas curta i l ments or fuel pri ces force convers ion . The proposed action 
is  des i gned to a l l ow for the appropri ate timi ng of convers ion so that spec i f i c  c i rcums tances are 
cons i dered , as  outl i ned i n  Section  1 0 . 4 .  

The envi ronmenta l i mpacts o f  the proposed action wi l l  represent a n  i ncrementa l maxi mum i ncrease 
of about 7 percent i n  mi n i ng- and transportation-rel ated acti v i ties  in 1 985 and 1 0  percent i n  
1 990 . Acceptab i l i ty of impacts wi l l  b e  con s i dered o n  a s i te-spec i f i c  bas i s  a s  governed by 
appl i cab l e  regul ati ons . Al l envi ronmental  i mpacts may be val i d  grounds for not ta k i ng on spe
c i f i c  i ncreased coa l use . Other factors wi l l  a l so be con s i dered i n  mak i ng a determi nation  about 
spec i fi c  i ncreased coa l use acti on , as  di scussed in Section  1 0 . 4 ;  however , envi ronmental impacts 
are a l ways a va l i d  bas i s  for a determi nation that i ncreased coas use is not acceptab l e .  

Many o f  the benefi ts and nega t i ve i mpacts o f  the proposed action are di sputed . They cannot be 
expressed and wei ghed i n  do l l ars and a consensus  achi eved regard i ng how such a trade-off ana ly
sis  arri ved at  some of the  underlyi ng wei gh i ng factors . 

The nati onal objecti ve of i ncreased fuel sel f-suff ic i ency i s  combi ned wi th the l eg i s l ati ve 
des i re to ach i eve s uch  sel f-suffi c i ency i n  a manner that mi nimi zes the envi ronmenta l and soc i a l  
costs . These objecti ves are con s i dered over-ri d i ng and suffi c i ently fl ex i b l e  i n  the i r  achi eve
ment as to ens ure that the envi ronmenta l  i mpacts are acceptab l e .  The envi ronmenta l  cons i dera
t ions l i s ted i n  Tab l es 1 1 . 1  and 1 1 . 3 and the po l i cy opti ons descri bed i n  Section  1 0 . 4  i l l us trate 
the bas i s  for mak i ng trade-offs i n  each s i te-speci f ic  fue l  substi tuti on . 

As noted i n  Tab l e  1 1 . 2 ,  one of  the s i g n i fi cant benefi ts i denti fi ed by the proposed action i s  the 
increased flexi b i l i ty in natural gas  curta i l ment dec i s ions  in the pri or ity use of natural gas . 
A second s i gn i fi cant impact i s  the encouraged use of advanced coal combustion technol ogy as o l d  
un i ts are ret i red , and a s  efforts are made to meet i ncreas i ng ly  stri ngent new source performance 
s tandards for a i r  emi s s i ons . On a s i te-by-s i te bas i s  it can be d i scerned that spec i f i c  fuel 
substitutions  a l ter fue l  u se , add i ng to nati onal sel f- suffi c i ency , extens i on of natural gas and 
o i l  supp l i e s ,  decreased bal ance of trade defi c i t  attr i butabl e to imports , and greater use of 
was te products s uch as bark , p u l p ,  and mun i c i pa l  was te .  These benefi ts wi l l  be traded off for 
impac ts on parti cu l ate ,  s u l fate , and SOx emi s s i ons that may be s i gni f i cant in that they have the 
potent i a l  to v i ol ate exi s t i ng a i r  q ual i ty standards in some l ocal i t i es .  Th i s  same potenti a l  to 
v i o l ate ex i st i ng standards extends to sol id  waste as ash  and scrubber s l udge , and to was tewater 
effl uents that are attri butab l e  to ac i d  m i ne drai nage ,  coal pi l e  runoff and d i scharges of was te
water effl uents at coal pl ant s i tes . Each of the impacts wi l l  be eval uated as to whether i t  
v i o l ates exi s ti ng nati onal standards o r  future national  standards (when they are promul gated 
i nto l aw ) . No " s i gn i fi cant"  impacts wi l l  be permi tted ( i  . e . , v i o l at i on of nati onal standards ) .  
Moreover,  state and l ocal standards  wi l l  be eva l uated as wel l .  In  the case of a i r  pol l ut ion ,  a 
v io l ation of state standards wi l l  be suffi c i ent  to prevent i ncreased coal use .  Other "d i scern
i b l e "  negati ve i mpacts traded off wi l l  be a l ocal l y  noti ceabl e i ncrease in coal truck movement at 
some s i tes and earl y reti rement of some exi st ing  i ndustrial  bo i l ers . 



l � .  COMMENTS AND RESPONSES 

Comments requl r l n g  respon se are reproduced in thi s  Section , wi th responses presented adjacent 
to the comments , in the tol l owi ng order : federal agenc i es ,  state agencies  and s tate-rel ated 
organ i zat ion s ,  and others ( pr i vate i ndustri es , uti l i t ies , organ i zation s , and i nd i v idual s ) .  
Letters of comment not req u i r i ng a response are reproduced as Section 1 3 . 
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Tennessee Val l ey Author ity 

TENNESSEE VALLEY AUTHORITY 
CHATTANOOGA.. TENNIES.1E1: 37401 

268 401 Building 

Mr. Steven A. Frank, Chief 
Environmental Evaluations Branch 
Department of Energy 
Room 7202 
2000 M Street, IIW. 
Washington , D . C .  20461 

Dear Mr. Frank: 

FEBRUARY 02 1m 

As you requested in your November 1 3 ,  1978, letter , TVA has reviewed your 
draf� programmatic environmental impact statement ( EI S )  entitled, "Fuel 
Use Act . "  Within the 1978-1990 timeframe specified by the EIS , TVA will 
not be directly affected by this Act . This is because we have no detini te 
plan" for new coal-fired power plants to operate by 1990 and because peaking 
gas turbines are exempted from the Act . However t we expect to experience 
such indirect effects as higher prices for coal and for l imestone , which is 
used with scrubbers in controlling sulfur dioxide emissions , as demand for 
these produets increases . 

We are enclosing some minor editorial comments noted in our review. We 
appreciate the opportunity to review this statement . 

Enclo3ure 

�-E£.\\.��j 
Acting Director of Environmental 

Planning 

An ECluiI' Opportunity E� 

F EDERAL AG ENC I ES 

N I -' 



Tennessee Val l ey Authori ty (conti nued ) 

tHNOR COMMENTS or; FUEL USE ACT ENVIROi�ENTAL IMPACT STATEMENT 

The crii;.eria concernine; miners in l ine 3 of Appendix C should l i st an average 
production ot' 9 . 1 5 tons per man rer day , rather than 915 tons . Also,  in 
Appendix E-l3 a typical long\{aE face shoul d be l i sted as 85 m to 100 m ( 260 
to 305 feet ) ,  rather than 260 m to 305 In (85 to 100 feet ) .  

On page 4-33 under West Virg i n i a ,  the perc entages for urban and rural residents 
do not total 1 0 0 ;  apd 'PagE' 5-58 under sect iop 5 . 8 . 1 ,  first raragraph , appendix 
ilL" should l�e appendix "K . II 

U . S . Department of Commerce 

.....:: �, r , � '_"I 
January 1 1 ,  1 9 7 9  

UNITED STATES DEPARTMENT D F  CDMMERCE 
The A •• istant Secretary far Science .nd Technolagy Wa&hmgton. O.C 20230 
.2021 377�il1 4335 

Mr . S teven A .  Frank , Chi e f ,  
Environmen tal Evalua t ions Branch 
Department of Energy , Room 7 2 0 2  
2000 M S tree t ,  N . W .  
Washing ton , D . C .  20461 
Dear Mr . Frank : 

Thi s  is in reference to your d r a f t  environmental impac t 
s til tement en ti tled "Fue 1 U s e  Ac t .  " The enc l o s e d  COlMlents 
from the National Oceanic and A tmospheric Admin i s tration ' s  
Envi ronmen tal Re s e arch Laboratories are forwarded for your 
considerat ion . 

N • N 



U . S . Department of Commerce ( conti nued ) 

Thank you for giving us an opportunity to provide the s e  
comments , which w e  h o p e  w i l l  be o f  a s s i s tance to you . We 
wou l d  apprec iate receiving ten (10) copies o f  the final 
s ta t emen t .  

cA��� 
Deputy A s s i s tant Secre tary 
for Environmental A ffairs 

Enclosure Memo From : Dr . Eugene J. Auber t  
Director , GLERL, RF24 

NOAA 

DEC Z 8 1978 
U.S. DEPARTMENT OF COMMERCE 
National OceOlnic and Atmospheric Administration 
UJV1RONMENT.hL RESEARCH LAEJORATQRI[S 
Great Lakes Environmental Research Laboratory 
2300 Washtenaw Avenue 
Ann Arbor , Michigan 48104 

December 2 2 ,  1978 

TO 

FROM 

Dr . Will iam Aron 
Direct�ce of Ecology 

Dr . F.�jl"?u:ert 
Director,�R�� D�F24 

SUBJECT : DEIS 781 1 . 18 - Fuel Use Act 

and Conservation, Be, 

The subject DEI S ,  prepared by the Office of Fuels Regulation, on environ
mental e ffects of the Fuel Use Ac t ,  has been reviewed and comments herewith 
submitted . 

The Dra f t  Environmental Impact Sta tement is reasonably well done and identifies 
that adverse e f fects on air, land , and water are to be expected from the use of 
coal · instead o f  oil or gas in existing power ut ilities and indus t ry .  The 
degradation of the environment is the price to be paid to become less dependent 
on natural gas and o i l .  The program of conversion to coal will use only seven 
to ten percent of the total coal used in the nation. 

There is insufficient mention in the DElS of the potential effects of the Fuel 
Use Act on the Great Lakes .  While this may be viewed as a regional or site 
specific problem, this is not the case . The present loads to the Great Lakes 
from atmospheric fallout and rainout are significant for many classes of 
contaminants.  It is generally agreed that this present contaminant loading 
comes f rom atmospheric sources ,  some of which are within the Great Lakes 
basin but many sources are at great distance . 

The scope of the assessment d i d  not a l l ow for deta i led treatment of the effects 
of the act on spec i fi c  area s .  The s tatement does mention the types of effects 
whi ch wi l l  l i kely occur , and these i nc l ude those mentioned in your comment ( see 
Secs . 5 . 4  and 5 . 6) . Wi thout add i ti onal s i te-spec i f i c  i nformation i t  wou l d  be 
impos s i bl e  to quanti fy the impact of the FUA on the Great  Lakes . DOE ful ly 
concurs that add i ti onal research i nto the effects of coal uti l i zation on 
ecosystems i s  needed and shou l d  be pursued . 

,,� 
I 

W 



U. S. Department of Commerce (cont i nued ) 

The DEIS recognizes that the additional use of coal vill cause additional 
sourcea and contaminant loads of 502 . acid precipitation (and resulting change 
in pH of land and wate r) . toxic metals (in fly aah) and toxic organics (in 
incomplete combusion ) .  While the DEIS is forthright in stating that the 
effects of these additional pollutants i. the price we have to pay to become 
le8s dependent upon oil and gas, it is not clear that we know the full economic 
and environmental impact of this decision. 

We are coneemed about the effects on the Great Lakes from increased use of 
eoal. Of particular coneem are the increased pollution of toxic metals, 
toxic organics, changes in pH and change. in C02 which will come to the Great 
Lakes by both the atmospheric and land drainage/tributary pathways. The .. 
potential changes could have a major effect on the Great Lakes ecosystem and 
bene ficial uses of this maior international resource . GLERL has made a 
preliminary analysis of the potential effects of increased atmospheric CO2 
on the Great Lakes ecosystem and find that at some increase in CO2 , the 
annual carbonate cycle in Lakes Michigan, Erie and Ontario would 
be significantly changed wi th likely significant ecosystem effects. Our 
knowledge of the dynamics of the Great Lakes ecosystem is incomplete, 
howeve r ,  and our assessment therefore an educated guess. Our knowledge is 
l ikewise incomplete on the long-term effects on the Great Lakes of the 
other increased contaminant loads associated with increased coal con
sUEption (e. g . , toxic metals, toxic organics , and changed pH) . 

It is reco1lD!ended, therefore, that in parallel with increased use 'of coa l ,  
increased marine ecosystem research be undertaken t o  improve understand ing 
of the complex processes and ecosystem dynamics so that more precise 
assessments can be made in the future and corrective act ions can be taken 
as needed to protect the Great Lakes.  

U . S . Department of Energy 

e 

Depanment of Energy 
Region I 
1 50 Causeway Street 
Boston. Mass. 02 1 14 

MEMORANDUM FOR STEVE FRANK 

FROM: 

SUBJECT: 

DIVIS ION OF COAL UTI L I ZATION 
ECONOMIC  REGULATORY Ail11INI STRATION 

HAROLD J. KEOHANE I L_� � .  I� 
REGIONAL REPRESENTATIVE  -rr-� ...... I {I 
DRAFT PROGRAff1ATIC ENVIRONMENTAL INPACT STATEMENT - FUEL 
USE ACT 

Any effects on the Great Lakes wh i ch do occur as the resul t of the FUA 
should be l argely res tricted to those induced by the atmospheric transport 
of contami nants and by the runoff of l eachates from waste di sposal opera t i on .  
No s i gn i f icant mi n i ng impacts should resul t s i nce l i ttle m i n i ng i s  expected 
in those watersheds wh i c h  dra i n  into the Great Lakes . The effects which do 
occur from the FUA wi l l  be incremental to and i nd i s tingu i shabl e from, those 
res u l t ing from the overa l l  increase in coal use by uti l i t i es and i ndustries . 

N 
I .r>o 



_U-,-�DepartmenLQi Energy (conti nued ) 

�;e have revl ewed the above referenced document a n d  have the fo l l ow i ng 
spec i fi c  comment s wh i c h  re l a te to t h i s  Reg i o n .  

O n  P2ge 4 - 7 1 , S Gct ion 4 . 5 . 1 . 7  - Coa l Resources - rpference s made t o  the 
"s!:n 1 1 me1:a··ant hrs!"c i te depos i ts in Rhode Is l and " .  The �O!1C u s i on that 
,tre5� geograp!; i c ' fihds are tOl' ba d l y  n'u shed and g,aph i t i c  s co<::p l et e l y  
wrbng . · '  , . ' . 

Cu rr'en t  s t 'J d i es by the �leston OLservatory of Doston Col l ege under y r a n t s  
b y  th e Nati ofwl  Sc e n c e  Foundd t i on ( :� F S )  and the B U Y'eau of j'; i nes (r30�·1 ) 
i ::t '/'� l a. i d  to rest he o l d  theon e s  t h ('l t  the aep()s i ts i n  the Na'(rJ!� anse t �  
B a s i n  d r e  o f  l i t t l  va 1 u e .  

\ie sU9,ges t th a t : 

1 )  the ::onr: I ! J s i o n s  i n  The :� l ';  f'r: ( "l:T(� c t e d : 
?\ :he referenced fiIJ T.Cr'i J !  l':E ',; ; �i (l t P:) (..J : n c l udr ;�e s ti]n ' :; n�(0(1� 

'.i,,� 
pu b 1 1  cat'j ons ; and ., 
tPf: � iarrr:.gdn S(\tt R u s i n  ::.ie;» s i t � a re ; (1  · ; a. s s :, : �) u :, e t t s  
R;l�"'(�f: I :;· '  cmd , arc! i t  s hn:J l ,'\ br s o  no ted . 

as ,\I''; 1 'I 3. 5  

u.  S "  D�p_�y:_l.me r. t �! f : � �i � �d �J (' d t '; O i� �  J n d  �it=:, � fa "';.:: 

,em>' · .. · .>� >  
;� ':i � 'j'., � , � ..,.,, ;... : : " ..... ". .' 

O E. r A r{ T �,l t i� l  (> 1·1 t:-. . � �_ T H .  F D U C f" T : '.1 � ,  A "J lJ  ·N E L j..: ,� R £  
P , i ,, ' l_ i (  " !  i>. l T t l  S E � V : C E  

C [ "' 01' <1  t ;) �  i) " 'i E. A � �  C O "' � R ' " 
A - '. :.. r.. T;>' (:f (" i� (., t>, 3 o .> � ) 

·,1r . :-> t �' d �� .'\ , t l'Cmk 

J iltlU,<l ry 1 9 7 9  

C;:', i ef I !'..!"' . •  , ':II"1ftlE-lItb l E\'a � lJ.,";,t. iY1S E r �ncb 
i h'v b·iun . .,,' C(:'a � l lt 5 1 Izat1 on 
� � ('��()miC' P..E' �" ' l  .... ... ory Ad,p j nis t r a t 1 '--'n 
:)f' ? � l  tT'len� at r:nr: rzy 
j�')on. 7 2 0 2 � 1000 � S t r. f. c t , �j.;' 
�:l::-,t-' if1.gt0n, o. r. 20/� 6 1  

i.:e;, ,: Mr . r r apk: 

�le �Vl,V1! rf'v i �weJ t:-: .. Cr-;l ! :;"  �' rr:'I:,r,H!'Imatic cnvircnioental Impact sta tement 
.. ';1 the rl� '.,;l Use A<. t .  r,-if' are r<.;apon.iing on behalf of t!12 Pl:b 1. i c  Health 
S'" r. \'i<. � .  

'rt ] ,;)  :; t a t ement deals wi th -what a ;:(!: t e rmed Ifoverall prograa: impa.c t s "  
ta tter th;=J.n s i t e-spec i f i c  irr.pac t: !J .  These program impacts d e a l  with 
gn.>�: te:r use o f  coal and the con�tr.uctL.m of power p lan t s  that use c o a l .  
Th� exc lus ion of s i t (' -st:'eclf ic .:ons1.derat ions for the time period b e t-ween 
1985 to 1 9110 is based on the redsonj ng that spec i f i c locat ions for these 
f a c i l i t i�s arf' unknown . �('h is ill non- tenab l e  since po-wer companies are 
making construction decis I ons for the'3e facilities a t  this time for 1985 
t o  1990. Since mos t  0f theae faci11 ties -will be near large Dlet ropo litan 

T h e  t e x t  ( Sec . 4 . S . 1 . 2 ,  p .  4-2 1 ) has  been c hanged i n  r e s p o n s e  to th i s  cOl111len t .  

I t  i s  true trlat l o c a t i on :,  a f  ::"Oli l - & ; r?d t: e c t r i c  gener a t i ng s t a : j ,::ns b et\..;een 

110-",' and appr' o x i rr.a te l y  1 935 h a v l?  :;e2r1 c! s c e  ": a � r: p d .  4owever ,  the ElS ana 1 y s i s  

w a s  pred i c .� t.�d o n  t h e  r'E":;(. l a tc1r'Y pragrarr: r i mari l y  ( a l mo s t  s o l e l y )  irnpact i n g  

i ndus tl�Y a r d  n u t  'J t n  i t i es �;evi c o n s t  . .... u c  i o r. of J t � l i ty s o a l  c l a n e s  "'eady 

for Qcer } : i o'l j "  ': YS:  " ' c'�: � ""! 0a':�: ' e -:: ,,: s'le 'je: J '] )I", J ,- i o r  :0 :h� c ' ! �l 1_ls e  

Ac t .  New b a s e l vdd pm�erpl ants a re c :: n s trlJc t i no f o r  cOd l . as t h e  pri mary 

fuel , wi  th or wi  thout the Fuel lj s e  r\::: t .  
-

r·�) , 



U . S. Department of  Hea l th ,  Education , and Wel fare ( conti nued ) 

areas ) site considerations make a signif icant difference on localized 
impact of S02 , NOx, and particulate matter emissions and public health. 

Another dis turbing omission from this impact statement is the impact of 
conservation in consumptive energy ttge in the residential/commerical and 
the industrial sectors . Such measures that would reduce energy demand 
would reduce primary fuel use, thus achieving the same decrease by 
dependency on foreign and domestic fuel supplies . Such reductions in 
measures to conserve energy would also reduce emissions of regulated air 
pollutants and reduce consumer costs for energy . We believe these 
important socio-economic aspects should be taken into consideration. 

We appreciate the problems associated with the current energy crisis and 
the need to shift  from the use of natural gas and petroleum to coal. In 
our review of this statement, we were distressed to note that the section 
on health e ffects was very brief and addressed only occupationally 
associated accidents . No consideration was given to other occupationally 
related disorders which might be attributed to the working environment 
or to possible health ef fects associated with the accelerated use or 
combustion of coal products . It was equally disappointing to note that 
the material devoted to impacts on water quality was convincingly shallow. 

The ErS recognizes that there will be contamination of aquifers , but it 
does not present a comprehensive strategy for minimizing this contamination. 

The review of this EIS emphasize. the need for consultation by the DOE 
with agencies that have competency in human health considerations . These 
consultations should take place prior to the development of the draft 
document so that potential health problems are given at least equal 
consideration to other aspects of the proposed action. 

Thank you for the opportunity of reviewing this document .  We would 
appreciate receiving a copy of the final statement when it is issued . 

Sincerely yours, 

c51 � :)'/...Ji!. 
Frank S. Lisella, Ph . D .  
Chief , Environmental Affairs Group 
Environmental Health Services Division 
Bureau of State Services 

It i s  true that s l ower growth i n  energy consumption wi l l  reduce the rate of coa l 
consumption .  Energy conservation was  treated in  substanti a l  deta i l  i n  the  ESECA 
F i na l  E I S  ( Vol ume I ,  p p .  V I I I - 1 3 ,  - 1 5 ,  and -48 through -73 ) as wel l as the FUA 
Draft E I S .  Conserva t i on a s  outl i ned i n  the Nati onal Energy P l a n  al so was a 
parameter i n  the base case model l i ng effort for the FUA Draft E I S  as an a l ter
native w ith in  the F UA program. 

Occupational di sease was addressed in Section  5 . 9 . 2 .  The hea l th effects of coa l 
combustion were d i scussed i n  Sec t i on 5 . 9 . 5 .  The Commi ttee on Heal th and Env i 
ronmental Effects of I ncreased Coal Uti l i zat ion ,  whose ba s i c  concl usi ons on 
hea l th effects impacts have been supported by the E I S  ana lys i s  and whi ch i s  
c i ted i n  the E I S ,  was compri sed of  represen tati ves o f  nUmerous agenc i es dea l i ng 
w i th human hea l t h .  

Water qual i ty i mpacts , l i ke the impacts o n  other envi ronmenta l components , were 
treated generi ca l l y  s i nce the overa l l  effect of the act on the country was con
s i dered . Thu s ,  it wa s beyond the scope of thi s document to treat s i te-spec if ic  
i mpacts . 

Aqu i fer contawi nation s hou l d  be kept min ima l  due to the need ,  on a gi ven s i te ,  to 
comply wi th l oca l , s tate and federal requi rements for the protection  of such 
resources . Measures used to prevent aqui fer contami nation wou l d  vary from s i te 
to s i te and cou l d  i ncl ude the l i n i ng of earthen d i s posal p i ts wi th an imperv i ous 
materi al  such as c l ay or pl asti c ,  the construction of concrete d i s posal ba s i n s ,  
o r  the buri al  of wa s te i n  sea l ed l andfi l l s  from whi ch l eaching has been demon
s trated to be minima l . 

N I C'"o 



U . S .  Envi ronmental Protection Agency 

."a". � UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGlON. D.C. 20480 

21 F E S  .979 

Office of Public Hearing HanaBement 
Department of Energy , Box WA 
Roo .. 2)13 
2000 K Street, NW 
Waabinlltoo, D . C .  20461 

Dear Sir or Had_: 

(WrlC[ or TM[ ADMIHIITAATOR: 

This letter 1. in reference to the Environmental Protect ion Agency'.  
cOllllllent letter dated February 9 .  1979,  in which we classif ied the 
November 1978 Draft Programmatic Environmental Impact Statement on the 
Fuel Use Act as Category "ER.-3". We would like to inform you that we have 
reclassified that Draft EI5 as Category "ER-2" (Environmental Reservations 
Inaufficient Information) . 

Thank you for your attention to this matter. 

�:@���r . .  
William N .  Hedeman , Jr . � Director 
Office of Federal Activities (A-104) 

cc: Steven A. Frank 
Robart Starn 

N I C'I "" 



U . S .  Envi ronmental  Protecti on Agency (conti nued ) 

;"'''''� . ft � (Sf """( ..,;jlf;� 
UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

WASHINGTON. D.C. 20460 

G n:s  1979 781922 t3 
Office of Public Hearing Management 
U . S .  Department of Energy 
Box WA, Room 2 313 
2000 M St reet, :1W 
Washington, D .  C .  20461 

Dear Sir or Madame: 

OFFICE OF THE ADMINISTRA TOR 

The Environmental Pr.otection Agency' s conunen t� on the Draft Programmatic 
Environmental Impact Statement on the Fuel Use Act dated November 19 78 , 
has been classified as Category "ER- 3" . Our procedure 1s to categorize our 
comments on both the environmental consequences of the proposed action and 
the adequacy of the impact analysis at the draft stage. "ER" means that 
we had environmental reservations concerning the impacts of the proposed 
act ion and "3" means that we felt there was inadequate information 
provided in the Draft . 

Our conuuents are listed in the enclosure. The major issues which need to 
be addressed in the Final EIS are as follows: 

The analysis in the Final must be more closely aligned with 
the regulations as they are currently drafted (see comment I-A) . 

Projected �;ox emissions must be analyzed (see comment II-A) . 

The effect of FUA on both new and existing utili ties must 
be analyzed (see comment II-B) . 

More attent ion should be given to regional acid rain impacts 
(see conmoent I I-C ) .  

The impact of FUA o n  PSD Class I areas should b e  given more 
attention (see conunent I I-D ) . 

The C02 Green House Effect should be given more attention (see 
comment I I-F ) .  

The solid waste analysis in the Final should take into account 
the new criteria for disposal proposed under Section 3004 and 
4004 of the Resource Conservation and Recovery Act (see comment 
II I-B) . 

The new NSPS standards should be used when analyzing the worst 
case for waste generation (see conunent I I I-C) . 

The Final should devote more at tention to the al ternat ive of using 
municipal refuse as a supplemental fuel (see comment I I I-F) . 

COl!l11ents are addressed in the deta i l ed sec t i on fol l owi ng thi s  summary of major 
i ssues . N 

I 
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U . S . Envi ronmental Protection Agency (conti nued ) 

Further analysis should be performed on the regional water quality 
impacts o f  FUA induced mining activities (see comments on Water 
Quality) • 

A strategy for wetland impact mitigat ion must be developed and an 
approach for addressing this issue on a site specific basis must be 
devised (see comments on Wet lands) . 

The f inancial est imates for railroad transportation should be 
brought into line with estimates used by DOl in the DEIS on the 
Federal Coal Management Program (see cOlIII!Ient VI-A) . 

Further attent ion should be given to the analysis of projected 
oil and gas savings (see conunent V I I ) . 

We request that the Final include regional estimates on the numbers 
of permit applicat ions and s ite-spec i f ic EIS t 9 which will be 
required under FUA to allow EPA regions to anticipate future 
workloads (see conunent VIII-G) . 

We would welcome the opportunity to meet with you to discuss the enclosed 
comments. The person at EPA for follow-up on these comments is Thomas Pierce 
(755-0770) • 

6)�'���4 Direc tor 
Office of Federal Activities (A-104) 

Enclosure 

February 9 ,  1 9 7 9  

ENVIRONMENTAL PROTECTION AGENCY 
COMMENTS ON THE 

DRAFT PROGRAMMATIC ENVIRONMENTAL IMPACT STATEMENT 
ON THE FUEL USE ACT 

The fol lowing comments have been organized by subj ect categories and represent 
agency-wide participat ion from both EPA headquarters and Regional O f f ices.  
They are intended to provide a construct ive response to the environmental 
analysis provided in the Draf t  EIS.  

N I CO 



U . S . Envi ronmental Protec ti on Agency (conti nued ) 

I .  Comments Comparing the Current FUA Regulations with the FUA DEIS 

On page 3-2 , the DEIS states that it was assumed for purposes of 
the analysis that no fac i l i ty would be able to purchase offsets to 
locate in a non-attainment area. On page 3-5 , the DEIS again 
states that no boilers in non-atta inment areas for TSP, S02 or N02 
would be forced to use coaL The regulation s ,  as they are presently 
drawn , will tend to force coal conversion in non-attainment areas 
due to the sever ity of the cost tes t .  

The cost test was set at 1 . 5  times the cost o f  imported oil , or 
($4 . 50- 5 . 10! l06BTU depending on whether 11 2 oil or residual oil is 
used ) .  Many plants should be able to install considerable control 
t echnology and purchase of fsets for less than this. In add it ion, 
DOE ' s  proposed regulations require that a person seeking an environ
mental exemption apply to EPA for permits to burn all ava ilable 
al ternate fuels and be turned down in formal proceedings on all of 
them, before DOE will consider grant ing an exemption. Figures 5 . 4  and 
5 . 3  show predicted changes in 502 by AQCR in 1985 and 1990. We note 
that the predicted changes are minor in the indust r ial Northeast and 
Northcentra l ,  and greater elsewhere , particularly in the Southwes t .  
Are the low f igures in the Northeast and Northcentral region derived 
from the assumpt ion that no coal w i l l  be added in non-attainment 
areas? 

The analysis should be redone to take into account the regulat ions DOE 
has issued , and its intentions to enforce them in non-attainment areas. 

II. Commen t s on Air Quality Analysis 

A. 

B. 

The absence o f  any NOx analysis is evident throughout the OEIS 
and yet , as stated correctly in the dra f t ,  "Emissions of NOx have 
increased by 13% s ince 1970 due primarily to increases from 
motor vehicles and electric power product ion" (page 4-9) . On 
page 1-12 , table 1 . 5 ,  increased emiss ions of NOx are rated as 
having a "minimal" negative impact.  How can the NOx impact be 
rated if it wasn ' t  analyzed? Merely stating that NOx chemistry 
is too uncerta in to permit model ing is not suff icient reason 
to e l iminate all detailed discussion of nitrogen oxide emissions. 
We are not asking that a new model be developed, but that a 
compari son be made between total projected NOx emiss ions and 
the base case. In keeping with your worst case scenar io , you 
could assume that a l l  NOx was converted to N02 in order to 
obtain an e s t imate for total emission s .  

T i e d  to t h e  n i trogen oxides issue is t h e  concern that al though 
increased electric power production was one of the major 
contributors to increased NOx emiss ions (Sect ion 4 . 2 . 1 . 3) ,  
very l i t tle discuss ion was provided in the DEIS (Sect ion 3 . 1 )  
on the ef fects o f  FUA on the electric util ity industry . 
Figures 1 . 3  and L 4  seem to ignore any ef fect from the act on 
util ity emissions. These f igures should be corrected to 
account for this.  On page 1-9 the summary of environmental 
trade-offs again only discusses non- u t i l i ty use. 

The cost of pol l ut i on abatement equi pment was i ncl uded in the model l i ng efforts 
and ana lys i s  to ascerta i n  the number of bo i l ers whi c h  cou l d  meet the cost test 
assumed by the worst case analys i s . A h i gh remova l technol ogy a l so was assumed 
so that th i s  assumpti on d i d  not understate the flyash and sul fur s l udge vol umes . 
The E I S  does not state that there wi l l  be no coal use i n  non-attai nment area s ,  
b u t  uses th i s  a s  a representation for the total envi ronmental exemption whi c h  
wou l d  i nc l ude probl ems of compl i a nce with al l app l i cabl e Federa l , State a n d  l ocal  
standards . 

The E l S  s tates , i n  both c i ted references on pages 3 - 2  and 3-5 , that 
wh i l e  offsets may be purehaseable i n  non-attai nment area s ,  it i5 uncer t a i n  
whether the a s s umption " represents an  overstatement or an understa tement 
of the exempt i on ' s  impacts . "  and that " . . .  the assumpti ons used in the 
overstatement of i ncreased coal use are l i ke l y  to be more s i gn i fi cant . "  
S i nee mas t offset5 , to d a  te . h a  v e  beer. 'o"Ii t h  i n compan i  e s  ana there i s  
very l i t t l e  avai l a b l e  i n format i o n  o n  the costs o f  purcha s i ng of'sets , 
DOE bel i eves i ts ana l y s i s  to be j u s t i f i ed and reasonab l e .  

Ori g i na l  es tima tes of i ncreased coa l  use assumed no  use  i n  non-atta i nment area s .  
However , reg i onal impacts were predi c ted wi thout cons i deration  o f  present atta i n
ment status . 

The text has been modi fied to further d i scuss the potential  impacts of the Act on 
NOx concentrat i ons ( see Sec . 5 . 2 . 4 ) . 

A 4% i ncrease over base case i s  projects for the maxi mum coal use yea r ,  1 990 . 
Thi s assumpt i on has not reduced the NOx emi s s i ons that  wou l d  have been emi tted by 
the fuel ( natura l gas and petrol eum) being substi tuted . 

The vast major i ty of the uti l i ty sector construction for new base l oad pl ants 
uti l i ze e i ther coal or  nuc l ear  energy . V i rtua l ly a l l  the rema i n i ng pl ants under 
construct ion , or  p l anned , uti l i ze natural gas and petroleum products for pea k i ng 
and may be el i g i b l e  to apply for pea k i ng exemptions under the FUA . The 8th 
Annua l Review of Overa l l  Reliability and Adequacy of the North American Bulk 
Power Sys tem, publ i shed by the Nati onal E l ectric  Rel i a bi l i ty Counc i l , shows 
i ncreases i n  steam-coal generation capac i ty through the period covered ( 1 987 )  but 
decreases in steam generat i on by o i l  and gas combustion capac i ty after 1 982 and 
1 987 , respecti vel y .  Project i ons through 1 987 i nd i cate that fac i l i ti es used for 
pea k i ng a nd i n termedi ate l oad are l ess than 1 0% of total capac i ty and a much 
l ower percent of total generation . Oi l capac i ty i ncreases only i n  combustion 

N 
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u . s .  Envi romental Protect ion  Agency (conti nued ) 

c .  

� o  analysis o f  exist ing u t i l i t ies was performed due t o  the assumption 
that they are all covered by ESECA ( Sect ion 3 . 1 ) .  This assumption 
can be challenged for the following reasons : 

Under ESECA) the burden of proof was on FEA, and few if any , 
�onversions resul ted . Under FUA , the burdens of proof are 
reversed , which would tend to increase exist ing u t i l i t y  conversion s .  
Ind�ed , one o f  t h e  reasons c i ted f o r  including exis t in g  fac i l i t ies 
under FUA was the f a ilure o f  ESECA. Because o f  the s t rong 
cost t e s t s  in FUA, and the r e s t r i c ted range o f  exemp t ions ,  
plan t s  that may not have converted under ESECA may well do so 
under FUA. In addi t ion FUll. proh i b i t s  the use o f  gas in ut i l i t ie s  
hy ] 990 with v e r y  l imi ted cxemp t j ons . This will f o r c e  t h e  
conversion o r  replacement o f  add i t ional plan t s .  W e  therefore 
recommend that t he analys i s  i.n the f inal EIS take into account 
utility emi s s ion s .  

The E I S  s ta t e s  o n  page 5-22c , Sect ion 5 . 3 . 2 ,  t h a t  one major 
a i r  qua l i t y  impact result ing from implemen tat ion o f  FUA will be 
rain a c i d i f icat ion . Referring to the last paragraph on page 5-2 3 ,  
D O E  notes that a l though t h e  :�o rtheast i s  approaching und e r s i rable 
levels of acid rainfall ,  the implemen t a t i on o f  FUA will do l i t t le 
to aggravate the s ituat ion . Low ph rain falls are a maj or 
prob l em in the Eastern and Northeastern U n i ted S t a t e s .  The 
Monongahela Na t ional Fores t  has been espeC ially a f fec ted by 
ra infalls w i th a ph range of 3 . 4- 5 . 0 .  Contaminated rain fall has 
a f fected photosynthetic rates in all floral types and al though 
we cannot a t t r ibute a decrease in faunal spec i es d iver s i t y  and 
r ichness in the a f fec ted area , there is evidence that this may 
be the. case . 

The U . S .  Forest Service is conduc t ing an extensive analysis of the 
e f f e c t s  o f  acid rain fall on the Monongahela Na t ional Forest 
Ecosystem. We suggest that DOE contact the forest supervisor 
in order to review data compiled on the problem thusfa r .  

Table 5 . 1 4 o n  page 5-2 4 ,  is  extremely misleading . Cond i t ions 
a long the Ohio River Ba s i n ?  a maj o r  coal-burning powerplant 
region , are al ready b e l ow the increment ph level s .  

We bel  icve that DOE ' s s ummary concerning increased levels o f  
a tmosphe r i c  s u l f a t e s  and their relationship to r a i n  a c i d i f icat ion 
should be properly presented in light of the severe ac id 
rainfall cond i t ions that exist in parts of the East�rn and 
Northeastern Cnited S t a t e s .  

turbi nes and comb i ned cyc l e un i ts , w h i c h  can apply for  pea k i ng and i n terme d i a te 
l oad exemptions . Gas genera t i ng capa c i ty i s  con s ta n t .  The o i l  i ncrea ses a re 
m i n i ma l  compared to the annual i ncrea se i i , COd] genera t i ng capac i tj .  The 
extremely  few u n i t s  not i nc l uded i n  the general u ti l i ty exc l us i on ,  therefore , are 
not expec ted to have any d i s t i ngu i s habl e effects  on the ana l ys i s .  

The "burden o f  proof" s h i ft noted i n  the comment i s  not nearly a s  pronounced 
for e x i s t i ng fac i l i t i e s  as for new faci l i t i es . The u s e  o f  gas  in ut i l i t i es 
is not expected to c a u s e  add i t i onal  coal  combu s t i o n  and w i l l  be refl ected 
i n  a swi t c h  to petro l eum use in dual - fi red u n i ts .  T h e  i nd i ca t i o n s  about 
the tendency o f  the u t i l i ty i nd u s try , a s  no ted above , s how that the i �d u s try 
; s va 1 unta r i l  y mov i ng away from na tura 1 gas combu s t i on except for peak i ng 
and the FUA provi s i on w i l l  have very l i tt l e  e f fect o n  the ut i l i ty i nd u s t ry ' s  
natural g a s  u s e .  

References to effects observed a n d  attri bu ted to a c i d  ra i n fa l l  i n  t h e  Mononga hel a 
Nat ional Fore s t  are as yet unsubs ta n t i a ted by Fores t Serv i c e  staff contacted , 
a l though the ra i n fa l l  pH data i s  regarded as ba s i ca l l y acc urate . Contro l l ed 
l aboratory experiments on e ffec ts of ac i d  prec i p i ta t i on on photosynthe t i c  ra tes 
of vegetation  do not s upport the pH ranges c i ted ( Ferenba ugh 1 976 )  as be i ng asso
c i a ted wi th d i rect  effects on photosynthet ic  rates . 

Reference 

Ferenbaug h ,  R. W .  1 9 7 6 .  Effec ts  of s i mu l a ted a c i d  ra i n  o n  Phasec [:.u " � ' JJ.r.':c 
Fabacea e .  Am . J .  Bo t .  63 ( 3 )  : 283-288 . 

Tab l e  5 . 1 4  i s  based on best ava i l a b l e  data - see comment of S ta te of New York . 

I f  an effect were to occu r ,  i t  wou l d  be i n  those areas where h i g h  base l eve l s  a re 
comb i ned wi th the h i ghest i nc remental i ncrea se  (a rel a t i ve ly  sma l l  perc ent of the 
total a rea a ffected ) .  Such areas wou l d  be i nc l uded in some l a n d  a rea s wi th i n  the 
mos t  a c i d i c  ( pH 4 . 22 )  i sopl eth of L i kens ( 1 976 ) . The text has been rev i sed to 
i nc l ude further d i scuss i ons of the effects of su l fates ( see Sec . 5 . 2 . 4 ,  p .  5-22 ) . 

") , 
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o .  

E .  

F .  

The E I S  does not address t h e  impact that increased coal-burning 
activity could have on a C l ass I I / I I I  area adjacent to a Class I 
area . Page 5-22 provides a brief discuss ion of the Class T issue , 
however , the necessity for pollution buffer zones around Class I 
areas was not discussed and should be. 

The ErS , on page 5-2 2 ,  Section 5 . 2 . 4 . ,  notes that predicted 
502 increases resulting from FUA coal-burning activities will 
have no impact on the high background concentrations of S02 .  
In some AQCR' 5 ,  (especially Appalachia) local ambient air 
quality levels will be a f fected considering the unusual topographic 
conditior ;� this area. 

Section 5 . 3 . 1  entitled Greenhouse Ef fect (Global C02 ) states that 
increases in C02 and particulate emissions could a f fect the 
c l imate of the entire earth , but then discounts the "greenhouse 
e f f e c t "  by arguing that the uncertainty of  the e f f ect is so 
large that no definitive conclusions can be drawn . Al though 
this i s  an area of much speculation and uncertain t y ,  a more 
detailed discuss ion of the greenhouse effect in genera l ,  
and t h e  related impact s  of t h e  Fuel U s e  A c t  i n  particular , is 
needed . This e f fect will be more pronounced as a consequence 
of switching from oil and gas to coal combustion as coal 
liberates approximately 1. 3 times as much C02 per BTU compared 
to oil , and 1 .  8 t imes as much as gas . We realize that the C02 
greenhouse e f fect is of a global nature and that the incremental 
contribution to global C02 levels due to FUA will be minima l ,  
however ,  i t  i s  fmpor tant that each incremental contribution be 
analyzed . 

III.  Comments on Solid Waste Analysis 

A. 

B. 

It is very dif ficult to evaluate whether the Ac t ' s  impact on 
solid waste generation has been estimated correctly since the 
document failed to provide an estimate of the megawatt capac ity 
of the industrial boilers in the non-ut ility sector which will 
be a f fected by the regulations. We request that this informat ion 
be provided on an industry-specific basis to insure that the 
waste generation estimates are accurately determined . 

The sect ion of the EIS (page 2-9) addressing the Resource 
Conservation and Recovery Ac t (RCRA) does not address the 
criter ia for disposal proposed under e i ther sect ion 3004 or 
4004 (of RCRA) . The 4004 criteria were proposed in February 
1 97 8  and the 3004 criteria, while only published this mont h ,  
have been available i n  d r a f t  since Harch 1 9 7 8 .  An est imate 
of the impact of these regulat ions should be provided in the 
f inal !:IS.  

The text has been rev i sed to further d i scuss  the potent i a l  impact s  of the Act on 
PSD areas ( see Sec . 5 . 2 . 4) . 

Al l appl i ca b l e  federa l , s ta te ,  and l ocal  a i r qua l i ty regu l a t i ons mus t  be met .  
Local e ffects wi l l  be con s i dered by the proper author i t i e s  i n  a new-source rev i ew 
on a s i te-s pec i fi c  bas i s .  Local effects were not consi dered in th i s document 
because s i te- spec i fi c  l ocations  a re not known , but wi l l  be consi dered on a case
by-case bas i s  by l ocal  reg u l a tory dgenc i e s  as  i ncremental coa c·e beg i n s .  

The text h a s  been mod i fied  t o  further d i sc u s s  the potent ia l  impact of the Act on 
the gl obal CO2 budget ( s ee Sec . 5 . 3 . 1 ) .  Because i t  i s  true that there i s  much 
s pecul a t i on and uncerta i nty regard i ng the effects of CO2 and part icu l a te emi ss i ons  
on the c l imate , the d i scuss i on is  not deta i l ed .  

Assumpt i ons and samp l e  c a l c u l a t i ons  used for estima t i ng sol i d  waste genera t i on 
a re g i ven i n  Append i x  L .  

See text rev i s i on ( Sec . 5 . 5 . 5 ) . 

N , 
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C . . The EIS states that it 1.5 assuming the worst case for waste 
genera t ion. However, i t  also indicates on page 1-2 that the 

D. 

E. 

F. 

New Source Per formance Standards in e f fect prior to the Clean 
Air Act amendment s  of 1 9 7 7  are the basis for the e s t imates . The 
regulations which have been proposed since those amendment s  
were passed will result i n  a signif icant increase i n  the 
amount o f  solid waste generated . The worst case analysis should 
be mod i f ied to reflect the rulemaking proposed this past 
September . (See proposed NSPS for S02 , NOx and TSP for Electric 
Util ity Steam Generated Un i t s ,  4 3  FR page 4 2 154 , September 19, 1 9 78 ) . 

The table on page 1-10 provides a chart of combustion wastes and land 
use. It is not clear whether the amount of fly ash and sludge estimated 
to be generated are national totals or only those which are the result 
of this Ac t .  I f  the figures represent the latte r ,  then the impact of this 
Act on solid waste generation is extremely signif icant and could represent 
a doubling o f  the amount o f  fly ash and sludge already est imated to be 
generated . 

Discussions on page 5-54 and 6- 2 both indicate the land required for 
waste disposal. On one page the est imate is given as 3 3 , 000 
hectares and on the other it  is listed as 44 , 000. These numbers appE'ar 
to be contradictory and require further explanation. 

Another issue which was not discussed in the DEIS relates to the 
implementat ion of RCRA d i sposal regulation s .  Tighter controls over 
land d isposal of solid waste will reduce the amoun t of land available 
for waste disposal. Facilities converting to coal will find themselves 
in fierce compet i t ion with ci t ies and coun t ies for a limited amount of 
land fill space. An alternative which we feel should be analized 
in the final EIS would be to require facilities converting to coal 
to explore the feasibility o f  either using municipal refuse as a 
supplemental fuel to coal or purchasing energy from municipal 
resource recovery facilitie s .  (This policy is mandatory for Federal 
agencies that generate heat , mechanical or electrical energy from 
fossil fuel in systems that have the technical capability for using 
recovered material and recovered-ma terial-derived fuel under sect ion 
6002 of RCRA . ) Many ci ties have rejected resource recovery because 
they lack a market for materials or energy. Implementation of the 
Fuel Use Act would create new energy markets where they previously 
did not exi st . Another benefit of this approach is the reduct ion in 
land ( i l l  volume needed to dispose of municipal and utility type 
refuse, as pOinted out in Section 1 0 . 2 . 2 . 4 .  The overall impact of 
the Fuel Use Act with respect to solid waste disposal could change 
from negative to positive. We request that the above option be 
d iscussed in detail in the FEIS and that its projected impac ts be 
analyzed. 

IV . Comments on Water Quality 

A.  Referring to page 1-5,  Section 1 . 3 . 3 ,  we note that major water 
quality impacts will occur in coal supply regions WE'st of the 
Mississippi and in Central and Southern Appalachia. Although the 
Document states that sedimentat ion resu l t ing from mining activities 
will b e  greatest in the above Regions, it  discounts program-related 
acid mine drainage impacts in Regions II and I I I .  The Central and 
Southern Appalachia region is notorious for having entire watersheds 
with ph values less than 5 and in some cases, s t reams in that region 
rarely exhibit pH values greater than 3. The cl imatology of the 

!n the worst-case analyS i s  for waste generation,  it was assumed tha t 90% of the 
s u l fu r  and 99% of fly ash  a re removed as waste. Thi s is based on the appl i cation  
of Best  Ava i l ab l e  Control Technol ogy ( BACT ) .  

See revi sed Tables 1 - 1 0  and Section 5 . 2 2 .  

T h e  f igures on pages 5-45 and 6-2 have been rev i sed a n d  are now cons i s tent .  

See rev i sed Sec tion 5 . 5 . 5  for d i scus s i on of RCRA d i sposal regul ations . 

For an expanded d i scuss i on of the water qua l i ty impacts to be expected i n  the 
Appa l ac h i a n  reg i on ,  see the ma i n  text ( e . g . ,  Sees . 5 . 4  and 5 . 6 ) . 
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B .  

c .  

D .  

E .  

F.  

area (precip itation greater than 40" annua l l y  plus extremely humid 
condit ions) is conducive to high runo f f  due to saturated soils and 
s t eeply sloping topography. Furthermore, the dis rup t ion of natural 
dra inage pat terns f rom surface mining combined with haul road and 
rail road rights-of-way preparation will further contribute to acid 
mine drainage cond i t ions . A d iscussion o f  these impacts should be 
included in the f inal EIS.  

Increased erosion ac t ivity result ing from related mining a c t iv i t y  
""ill cause increased t urbidity i n  st ream systems in t h e  mining 
region s .  Turb id i t y  values can approach readings a s  high as 200-500 
Jackson Turbid ity Un i t s  (Jru ' s ) with a subsequent adverse impac t  to 
spec ies d iver s i ty and richness. Aquatic l i f e  impa c t s  will be extremely 
high in the Appalachian reg ion , (page 1-9, Sect ion 1 . 3 . 5 . 2 ) ,  yet the 
EIS does nothing to mit igate these impac t � .  The s i t e-spec i f ic EIS 
w i l l  detail impac t s  particular to each coal supply region . However ,  
DOE should b e  aware o f  our past and present gains in the control o f  
sed imentation , and increased aqua t i c  l i fe enrichment i n  the Appalachian 
streams. FUA related impa c t s  to those areas should be adequately 
ant ic ipated and mitigated. 

Re ferring to page 5-26, Sect ion 5 . 4 . 1 . 1 ,  we note that surface and 
groundwater hydrology will be severely a f fected by FUA mining 
activi t i e s .  The EIS admits that denuded landscapes combined with 
large amounts o f  precipitation will contribute to increased flood 
stages in s tream networks in the vicinity o f  the mining activi t y .  
This is especially t r u e  i n  t h e  Appalachian physiographic reg ion . 
Substantial increases in storm water runo f f  wi ll generate higher 
f low values causing stream bank erosion and subsequent flooding of 
floodplain communities. This issue and mitigation measures should 
be addressed in the FEIS . 

Referring to page 5- 3 5 ,  section 5 . 4 . 2 . 2 , we note that mining ac t iv i t ies 
could disrupt groundwa ter resources considerab l y ,  and could induce 
the construction of environmentally undesirable impoundment proj e c t s , 
which will a l t e r  watershed s ,  aquatic and terrest rial bio-systems. 
The bene f i t s  o f  mining should be weighed against the cos ts o f  water 
supply disrup t ion before any earth and bedrock is d i s t urbe d .  

The ut il izat ion o f  coal sl urry pipel ines (page 5- 34 , Sec t ion 5 . 4 . 2 )  
will rob valuable water supplies from the water short Western 
portions of the United States.  Recycl ing o f  slurry water should be 
a mandatory prOVis ion should this transportation medium be u t i l i ze d .  

O n  page 5-37 , Sect ion 5 . 4 . 3 . 1 ,  w e  note that coal piles w i l l  b e  
periodically sprayed with toxic d u s t  suppressan t s .  This procedure 
could adversely a f f e c t  surface and groundwa ter hydrology and ult imately 
all forms o f  biological l i f e .  Any FUA related mining ac tivity 
should seriously consider other less environmentally damaging techniques 
such a s  the use of tarpaulin covers in favor o f  chemical dust 
suppressant s .  

See  response to  Comment I V . A .  DOE i s  aware o f  the progres s  bei ng made i n  the 
control of sed imenta t i on deri ved from m i n i ng in mountai nous reg i ons . However , 
m i t i ga t i on of poten t i a l  impacts wi l l  have to occur on a s i te-spec i f i c  ba s i s  as  
d i rected by l ocal , s tate ,  and federal l aws and enforced by regu l a tory agenc i e s . 
The DOE has  no author i ty to i mpose mi ti gation or force comp l i ance w i th l aws 
governi ng the c ha ra c teri s t i c s  of the effl uents . 

See response to Comment I V . B .  An i ncreased .'alard of flood i ng for fl oodpl a i n  
commun i ti e s  wi l l  resu l t  from i ncreased coal u s e  i n  genera l , b u t  that i ncrement 
a s s oci ated w i th the program , howeve r ,  cannot be quanti f i ed .  Thi s  i s s ue and 
appropri ate mi t i g a t i on wi l l  be control l ed by comp l i ance wi th the Surface t1i n i ng 

Control and Rec l ama t j o n  Act of 1 97 7 .  

Such an eva l ua t i on wou l d  be h i g h l y  s i te-spec i fi c  and  i s  therefore beyond the 
scope of t h i s  document . Furthermore , the DOE has no authori ty to a l ter the m i ne 
permi t t i n g  process  to requi re such  a compara t i ve ana l y s i s  before mi n i ng can com
mence . Such ac ti ons wou l d  have to be taken by the appropri a te l ocal , s ta te , and 
federal permi t agenc i es . 

The FUA program w i l l  not c reate the need for coal s l urry pi pel i nes . However, the 
recyc l i ng of scarce water supp l i e s  is an  essenti a l  con s i dera ti on in the envi ron
mental impact of these projec ts . 

Apart from s pray i ng tox i c  d u s t  suppressants , other mi t i ga t i ng measures such a s  
tarpaul i ns c a n  b e  con s i dered on a s i te- s pec i f i c  ba s i s .  

N I 
w 



u . s .  Envi ronmental Protecti on Agency ( conti nued ) 

V .  Commen t s  o n  Wetland Impact s  

O n  page 1 - 8 ,  t h e  OEIS states, "because wetlands have been attactive a s  
sites f o r  waste s torage and most o f  t h e  water will b e  generated near Gul f 
coast wetland s ,  these biotic communit ies may be particularly threatened 
by the increased coal use . "  Coal waste disposal and combustion ash 
disposal must be restricted from using coastal estuaries and adjacent 
wet land s .  Any leachates f rom the d isposal practice would produce unaccep tab le 
impacts on these delicately balanced ecosystems. 

The DEIS states that i t  should be possible to avoid damaging wetlands 
because o f  Execut ive Order 11990. This issue was further discussed in 
Sec t ion 5 . 6 . 5 . 1  Waste Collect ion and Disposal - Terrestrial and Executive 
Order 11990 was s i t ed again on page 8-2 in the l i s t  of federal policies 
and laws . Similar ily, i t  is unclear in the discussion how the Executive 
Order 11988 on Floodplain Hanagement will serve to assure the adequate 
management o f  f loodplains.  Both executive orders govern federal act ions 
only, and it  is open to interpretation as to whether the E . O .  's govern 
only the primary impacts of these actions or cover both primary and 
secondary impacts of Federal actions. Furthermore, it was stated on page 
3-1 t hat , "nearly all the impacts of the program will occur in the 
industrial sector . "  It  is unc lear how the authority provided in the 
executive orders will be applied and how that authority will carry over 
from the public to private sect o r .  Under both orders, DOE along with 
other federal agencies is required to promulgate regulations to carry out 
their intent . Some discussion as to how DOE ' s  regulations will be applied 
t o  this issue would be appropriate.. It  would also be appropriate to 
d i scuss how 404 (Section 404 o f  the P . L .  92-500) dredge and f i l l  permit s  
can b e  applied to protect wetlands. The discussion should also address 
the issue of  surface mining activities adj acent to wetlands and how 
projected adverse impacts are to be mitigated . 

V I .  Commen t s  on Coal Transportation 

A .  The discussion o f  railroad transportation of coal appears t o  be 
considerably more optimistic than the discussion of the same subj ect 
in the DEIS on the Federal Coal Management Program on pages 5-105 to 
5-116 of  that document published by. the Department of the Interior 
in December of 1 9 7 8 .  In DOl ' s  EIS, the railroad industry ' s current 
financial posture was characterized as being "anemic . "  The potential 
total investment in new trackage and upgrading existing tracks was 
estimated a t  between $ 1 7  to $ 1 55 billion , with the lower bound of 
the e s t imate ($17 billion) "associated with increased coal traf f ic 
in the west t hrough 1990" (page 5- 1 1 3 ,  DOl EIS) . These and other 
estimates do not conform with the more optimistic assump tions in the 
FUA DEIS which states that "the investment required to meet the 
projected increase in coal rail traffic between 197 7  and 1985 will 
be . . .  $4-5 b i llion for tracks, primarily in the west and midwes t "  
(page 5-2 ) . Why is there such a large discrepancy i n  t h e  estimate 
being used in these two documen ts? 

B .  O n  page 3-6 , why are t h e  U . S .  Bureau of Mines produc tion/distribution 
estimates (1976) used when DOE produced a more recent set of 1985 
project ions for DOl (see page 2-52 of the Federal Coal Management 
Program DEIS) based on a sophisticated linear programming model? 
Also , were these numbers coordinated with National Energy Plan (NEP) 
estimates? 

The text has been mod i f i ed to i ndi cate that implementation of vari ous federal 
regul ati ons wi l l  proh i b i t  or mi ti gate the i mpacts o f  waste d i s posal upon wetl ands 
( p .  1 -8 and p.  5-55 ) . 

DOE proposed regul ati ons for compl i ance with Executive Order 1 1 990, Protection of 
Wetl ands , and Executive Order 1 1 988 , Fl oodpl a i n  Management, which  appeared i n  the 
Federal Regi ster on July 1 9 ,  1 978 . (43 F . R .  31 1 08) . F i nal  regu lations were pro
mul gated on March 7 ,  1 979.  These regul at ions wi l l  be appl i ed to s ite-spec if i c  
actions under FUA as DOE processes proh ib it ion orders and acts on  exemption pet i 
ti ons submi tted by powerplants and MFB I s .  The regulations wi l l  requi re DOE to 
make a finding that there i s  "no practi cabl e al ternative"  before taking or sup
porting certai n  actions which  wou l d  occur in fl oodpl a i ns and wetl ands . If no 
practi cabl e a l ternative to such acti ons exi sts , DOE must adopt mi tigation measures 
to be determi ned on a case-by-case bas i s ,  in order to mi nimi ze the impact on the 
fl oodpl a i ns  or wetl ands . 

Other agenc ies have add i t ional authori t i es for protection of fl oodp l a i ns and wet
l ands . For exampl e ,  the U . S .  Army Corps of Engi neers mus t  i ssue permi ts , pursuant 
to Section 404 of the C l ean Water Ac t ,  before dredgi ng or fi l l i ng of navi gabl e 
waterways may take p l ac e .  Moreover , each agency has the respons i bi l i ty to promu l 
gate i ts own regul a t i ons on compl i ance w i th Executive Order 1 1 988 . 

Capi tal i nvestment requ i red for the western ra i l s  i n  the future depends on var i 
o u s  f i nanc i al a n d  i nsti tut ional factors , whi ch are currently uncerta i n .  These 
uncerta i nt i es a re partly caused by ( 1 )  the estima tes of future coal consumpt ion 
due to envi ronmental regu l a t i ons ( 2 )  the uncerta i nty of the degree of movement by 
s l urry p i pel i nes for the base case , and ( 3 )  the uncerta i nty of the share of coal 
traff ic  i ncreases by coal uni t tra i n .  The d i fference in 00 1 estima tes ( 001 , Draft 
E I S ,  Federal Coa l Management Program, December 1 978) and DOT estimates , adopted 
in the FUA Draft E I S ,  are pa rtly due to the uncerta i nt ies on wh i c h  the assumpti ons 
of those est imat i ons are based . I n  add i ti on ,  the DOT estima tes on the i nvestment 
req u i rement are projected up to the yea r 1 985 ,  wh i l e  the 00 1 esti mates extend to 
the year 1 99 0 .  The d i fference i n  the two estima tes cou l d  be much sma l l er i f  the 
two estima tes were made for the same projection per iod .  

As i nd icated i n  Section 3 . 2 ,  the FUA Draft E IS  adopted the trend-l ong basel i ne 
scenario,  whi c h  refl ects the Nat ional Energy Pl an ( p .  3-3 ) . The BOM coal d i s 
tri but ion pattern was appl ied only for the i ncremental coal demand as a resul t  of 
the proposed action .  The BOM ' s  coal f l ow projection i s  based on the hi storical 
coa l fl ow matri x ( by coal di stri cts and by state) modi fied by minimum cost 
al gorithm. I n  addition , the model i ncorporates river capaci ty as  a constra i nt to 
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V I I .  Comments o n  Projected Oil and Gas Savings 

The projected maximum o i l  and gas savings in 1990 over the base case is 
approximately 2 . S  quad s .  Since the current proj ections of excess gas 
produc tion , over previous estimates, due to the Natural Gas Policy Ac t ,  
i s  about 2-3 quads, i t  would seem that the same energy savings and 
reductions in oil impor ts could be achieved by using this gas , instead of 
curtailing demand for i t .  This would dramatically reduce emi88ion� o f  
a l l  particulates , as w e l l  as alleviate the environmental impact o f  
increased mining. This alternative should b �  considered i n  the f inal 
EIS section on analysis o f  alternatives, in light o f  the Natural Gas 
Policy Act and DOE ' s  own analysis of the act showing the increased gas 
production . 

the mul ti -mode solution . Gi ven the rel ati vely sma l l  magni tudes of coal demand 
i nc reases as a resul t of the proposed action compared to the basel i ne coal demand , 
the d i stributional patterns of the i ncremental coal demand i s  assumed to take the 
patterns i n  the BOM basel i ne projection . 

The purposes of the Fuel Use Ac t ,  "whi ch s ha l l be carried out i n  a manner con
s i stent w i th app l i cab le  envi ronmental requi rements" i nc l ude :  

"To  conserve natural gas and  petrol eum for  uses , other than el ectric  
uti l i ty or other i ndustr ia l  or commercia l  generation of steam or 
e l ectri c i ty ,  for whi ch there a re no fea s i b l e  a l ternati ve fue l s  or 
raw materia l s substi tutes ; 

to encourage and foster the greater use of coal and other a l ternate 
fuel s ,  i n  l i eu of natura l gas and petrol eum , as a primary energy 
source ; 

to proh i b i t  o r ,  as appropriate ,  m ln lml ze the use of natura l gas and 
petrol eum as a primary energy source and to conserve such gas and 
petrol eum for the benefi t of present and future generati ons ; 

to i nsure that adequate suppl i es of natural gas are ava i l abl e for 
essential  agri cul tural uses ( i nc l ud i ng crop dryi ng , seed drying ,  
i rri gat ion ,  ferti l i zer production , and  product i on of essential 
ferti l i zer i ngred i ents for such uses ) . "  

Whi l e  the same energy vol ume may be ava i l ab le  through the Natural Gas Pol i cy Act ,  
tha t Act and FUA are not i ncons i s tent,  havi ng compl ementary object i ves . The 
objec tive of the Natural Gas Pol i cy Act is to encourage suppl iers to produce 
more natural gas through orderly price i ncreases at the wel l head . The objective 
of the Fuel Use Act is to reserve such fuel for uses other than ra i s i ng steam and 
produc i ng e l ectri c i ty .  Both acts , to the extent they are successful , wi l l  
i ncrease f l ex i b i l i ty i n  dec i s i ons regard i ng natural gas use . Only h i ndsi ght wi l l  
revea l which act i s  more successful at ma k i ng a premium fuel more ava i l ab le  for 
priority uses . Natura l gas is not expected to be deregul ated in a l l  markets 
unti l after 1 985 ;  d i scovery and product ion in new f ie lds  requ i res some lead time . 
Natural gas i s  a c l eaner burn i ng fuel and resu l ts i n  fewer envi ronmenta l impacts 
than coal combustion . Shou l d  much l a rger quanti ties of natural gas become avai l 
abl e ,  then i ts use may be an a l terna tive to the Fuel Use Act and cons i dera t i on 
cou l d  be made to a l ter the congres s i ona l l y  mandated FUA . 

As pub l i shed i n  the Federal Regi ster ,  Jan .  5 ,  1 97 9 ,  Proposed Spec ia l  Rul e  for 
Temporary Publ i c  I nterest ,  "ODE conti nues to prefer that i ndustria l  fac i l  i ties 
and el ectri c  uti l i ti es use coal or other a l ternate fuel s rather than e i ther o i l  
or natural gas . Such i nc reased use o f  coa l , uranium ,  renewables and other a l ter
nate fuel s wi l l  make more natural ga� ava i l ab le  for ex i st i ng fac i l i ti es and 
thereby further decrease petrol eum consumption . "  
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High estimates have been provided for the amount of unconvent ional gas 
and t ight sands forma tion , devon ion shale, etc . ,  that would be commercially 
producable for between $4-S/ 10b BTU . Since the cost test to gain exemption 
from burning coal is $4 . 50-$5 . 10/10b BTU , this gas would seem to be no 
more expensive then the coal many people must purchase, yet much more 
environmentally acceptable. The regulations could be drafted to allow 
this gas to be considered as "a lternative fuel" and thus possibly lower 
the environmental impact of the FUA program, while still displacing 
imported o i l .  This al ternative was not considered in either the EIS or 
the proposed regulations but should be addressed in the f inal . 

VII I .  Comments on Other Signif icant Is sues 

A. End�ngered SpeCies 

We are particularly concerned that DOE has under-estimated the 
program related to endangered : .. pecies. In particular, the impacts 
of increased sedimentat ion combined with increased acid rainfalls 
will af fect f loral and faunal species. The degree of the affects 
should be qualified in the final document. 

B .  Wild and Scenic Rivers 

c .  

We note on page 5-5 7 ,  Section 5 . 6 . 7 ,  that proposed Wild and Scenic 
Rivers could be af fected in Central and Southern Appalachia. The 
impacted rivers should be iden t i fied in the document and mit igation 
measures described . 

Since, 3S is stated in page 3-1 of the subj ect repor t ,  linearly a l l  
of  t h e  impac ts of t h e  program will occur i n  t h e  industrial sector . . .  " 
and s ince low and medium BTU coal gasification is expected to make 
an impact in this area prior to 1990, it is d i f f icult to understand 
the statement on page 3-5 that "it was assumed that there would be 
no ordered conversion of existing units to :!ynthetic gas . " 

DOE has desi gnated certa i n  gaseous or petrol eum-re lated fuel s as a l ternate 
fuel s based on consi derations of commerc i a l  marketabi l i ty and other factors .  
W ider use of these fuel s woul d  l essen the envi ronmental impacts of the FUA 
program. In  keepi ng with a wo rst-case ana lys i s ,  conventional coal burn i ng 
has been assumed for th i s  assessment .  

Wi thout  s i te-spec i fi c  i n format i on on the magni tude of the effect� i t  i s  not  pos
s i b l e  to refine the ana lysis  of the impact on endangered spec i e s .  Furthermore , 
the effects of some p henomena a re d i fficu l t  to determ i n e ,  even at a i ocai  i evei 
(e . g . , acid ra i n ) d ue to currently poor pred i ct i ve capab i l i t i e s .  The U . S .  
Department o f  Interi or regul ates the use o f ,  o r  effect on , cri tical  habi tat of 
endangered spec i es , and if cr iti ca l  habi tats a re l i kely to be affected , then 00 1 
procedures woul d  have to be adhered to . 

The r i vers most l i kely to be impacted are l i sted on page 5-57 . DOE cannot stipu
l ate that meas ures be  taken to  m i t i gate any impact to  these ri vers . The Depart
ment of  the Interior has the author ity ,  under the W i l d  and Sceni c Ri vers Act ,  to 
p rotect these water bod i es from degradation , where possi bl e .  A s  suc h ,  they might 
req u i re that m i t i gative measures be taken at part i c u l a r  s i tes ( e . g . , i ncreased 
sed imentation control , neutral i zation of  the effl uen t ,  heavy metal s removal ,  
etc . ) . DOE woul d  consu l t  with 00 1 on spec i fi c  s i tes and eval uate impacts i n  the 
exemption proces s .  

The outl ook for 1 0w- and medi um-Btu gas i f i cation i s  d i scu ssed i n  Section 1 0 .  
Thi s outl ook refers to new fac i l i ties  constructed unt i l  1 990 . The statement on 
pages 3-5 refers to exi sti ng fac i l i t i e s .  As o l d  fac i l i t i es are ret i red , the 
outloo k  for synthetic  gas improves for use in new uni ts . 
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D .  

E .  

F .  

The po tent ial impacts o f  both loW' and medium BTU coal gasification 
and atmospheric f luid i zed bed combustion (AFBC ) should be included 
in this study since i t  is f a i r  to conclude that they will impa c t  the 
indus t rial boiler sec tor b y  1 9 90.  I t  may be inappropriate to as sume 
that the' impac t s  of operating of conventional combust ion units and 
gas ification f a c i l i t ies are s imilar in magnitude.  It is fair to 
as sume that AFBC solid was t e s  d i f fer from those o f  conventional 
combustion in nature and quan t i t ies . It should be noted that the 
lo�cr operating temperature o f  AFBC should a f fe c t  the type o f  organic 
compounds pre.sen t �  possibly a f f e c t ing carcinogen icity.  

A bene f i t s  v s .  costs analysis for the nat ional program was not 
included in the E I S .  We feel that i t  is appropriate that such an 
analysis b e  prepared. On the sur face, the reader is led to be l i eve 
that FUA will aid in the reduction o f  imports of foreign oil and gas 
supplies through the use of domestic coal reserves. However , the 
hidden costs associated with mining, processing and burning coal 
reserves could be costly.  For instanc e ,  the increased mining ac t iv i t y  
result ing f r o m  FUA r e l a t e d  coal activit ies will cause increases in 
erosion and result in s t ream sed imen t a t ion , fugitive dust emiss ions , 
acid mine drainage, and reduc t i ons in prime agricultural and fores t 
area s .  Furthe r ,  the sub t le impacts to the overall q ua l i t y  of l i f e  
resu l t ing from increased c o a l  combus t i on is a hidden cost to t h e  
heal t h  a n d  wel fare o f  t h e  populat ions segment i n  energy demand 
regions that cannot be overlooked . 

To f urther coordinat ion and cooperation be tween our two agencies , 
EPA would like to request that e s t imates be developed by geographic 
region for the numbers of powerplan t s  and MFBI b iolers whi c h ,  due to 
FUA regulat ions , will require EPA or s tate permit review. EPA 
regional EIS o f f ices will also need to obtain these e s t ima tes as 
early as pos s ib le to f a c i l i t a t e  the review of F1JA related si te
speci fic ElS ' 5 in concert with air quality and water qual i t y  permit 
review. Inclus ion o f  such a l i s t ing by region in the f inal EIS will 
lead to improved coordinat ion b e tween programs and will allow our 
regional o f f ices t o  a n t i c ipate the t ime requirements and resources 
for proper rev iew in developing their respect ive management plan s .  

The  text has been c hanged in  response to  th i s  comment ( see Sec . 1 0 . 2 . 1 . 1 ,  
p .  1 0 -4 ) .  

T h i s  comment may be pa r t i c u l a r l y  va l i d for AFBC systems d u r i nq startup  and 
s h utdown . Mol ecu l ar we i g h t  of rel eased organi c compounds is r e l a ted to bo i l er 
eff i c i ency ; mol ecul a r  we i g h t  i n creases as bo i l er e f f i c i ency decrea s e s .  However , 
the res u l t s  to date , based p r i maril y  upon bench- sca l e  tests , i nd i cate t h a t  even 
though t here may be greater concentrat i ons o f  orga n i c  compounds em i t ted duri n q  
AFBC a s  compared to conven ti onal coa l - f i red sy stem s ,  t he concen t rati ons o f  
organi c compounds i n  b o t h  A F B C  and conven t i o n a l  sys tems i s  so l ow t h a t  quan t i 
tati v e l y  t he i r  i mp a c t  o n  hea l t h i s  overshadowed by t h e  poten t i a l  i mpacts o f  
su l fu r  o x i des and other components ( ANL Spec i a l  Task Force , 1 97 7 ,  Prel i m i nary 
Asses sment o f  the Hea l th and Envi ronmental I mpacts of F l u i d i z ed-Bed Combus t i on 
of Coal as App l i ed to E l ectr i cal U t i l i ty Systems ) . 

Under NEPA regu l a t i ons , the Depa rtment  of Energy conducts a n  envi ronmental trade
off analys i s  and th i s  a na l ys i s  i s  anal ogous to a benefi t-cost analys i s .  I n  the 
i mpac t statement ,  a l l  known "subtl e"  i mpacts have been addressed and have been 
quanti f i ed to the extent reasonabl e .  Many of the " h i dden " i mpac ts a l l uded to 
( resul ti ng from m i n i n g ,  transporta t i on , and burni ng ) a re reg u l a ted acti v i t i es .  
Both the Su rface Mi n i ng Act o f  1 9 7 7  and the Resource Conserva t i on and  Recovery 
Ac t of 1 976 i ncrease the cost of us i ng coa l . These costs wi l l  be refl ected i n  
the " substant i a l ly  exceeds"  test i n  the admi n i s tra tion  o f  the program . For th is  
reason , many of the  " h i dden" costs of u s i ng coa l  are not  hi dden , but wi l l  be 
expl i c i tly i nc l uded i n  the program beca use they wi l l  be refl ected in the price of 
coa l . For more i nforma t i on on the cost of the prog ram ,  a regu l a tory ana l y s i s  has 
been performed ( Energy I n forma t i on Admi n i stra t i o n ,  1 978,  Analys i s  of Proposed 
U . S .  Department of Energy Regu l a t i ons Impl ementi ng the Powerpl a nt  and Industr i a l  
Fuel U s e  Ac t ,  DOE/ E IA-01 02/21 , U . S .  Depa rtment of Energy , Was h i ngto n ,  D . C . ) .  

Construc t i on of a l l major ( new and mod i fi ed )  MFB l s  and powerpl ants req u i res EPA 
or sta te revi ew .  FUA regul a t i ons wi l l  not change the number o f  boi l ers and 
powerpl ants subject to EPA rev i ew .  The staffs of the two agenc i es have been 
d i scuss i ng and coord i na t i ng the i r  p lans  for the impl ementa t i on of FUA for over 
s i x  months . DOE i s  confi dent tha t th i s  coopera t i ve work i ng rel a ti ons h i p  wi l l  
conti nue i n  the future a s  more spec i fi c  i nforma t i on becomes ava i l abl e to both 
agenc i es . EPA wi l l  rece i ve a copy of each exemption  peti tion . 
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Nati onal Sci ence Foundation  

NATIONAL SCI ENCE FOUNDATION 
WASHIN(,TON 0 C 20550 

nil 

O"",CIE Of' THE: 

ASSISTANT DIRECTOR 

I"OR ASTRONOMICAL 

ATMOSP H E R I C  EART)-I 

AND OCEAN SCIENCrS 

Mr. Steven A. Frank 
C h i e f ,  Env i ronmental Eval uati ons 

Branch 
E conomi c Regul a tory Admi n i s tration 
Department of Energy , Room 7202 
2000 " WO  Street , N . W .  
I\ash i n g ton , D . C .  20461 

Dear Mr. Frank : 

January 30 , 1 979 

Several  i n d i v i dual s  in the Founda t i on have re v i ewed the Draft E I S ( DOE/  
E 1 5-0033-0) and the i r  comments are  attached. If you wish to di scuss our 
input , your contact poi n t  is John Gi acom i n i  who can be reached on 
6 32- 7360 . 

( 
S i ncerely yours , 

. . /, ' ./ ' Ii  { l . l  I. ,'"'\! \....A-L". � 
4Jbii l e l  Hunt 
Deputy As s i stant Di rector 
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Nati onal  Sc i ence Foundat i on ( conti nued ) 

COnJlllents  on OOE / E I S -0038-0 

1 .  A i r  qua l i ty effects wi l l  bring a poten ti a l  major i ncrease in a i r  pol l ut i on . 
Requl a t i ons wi l l  be needed and wi l l  have to be enforced. otherwi se the conse
quences wi l l  be  a pote n t i al ly serious  degradat i on of  a ir  qual i ty with a 
consequent i a l i n c rease in hea l th effects over 1 a rge areas of the U .  S .  The 
a i r  qua l i ty consequences may take the form of i ncreased ozone ( due to part i c
u l a tes ) .  acid  rain and crop damage ( due to sul fu r  d ioxide ) . and resp i ra tory 
i rri tations ( due to n i trogen oxi de s ) . For example the ne t i ncrease i n  
enJllli s i ons . expec ted under the A c t  because of indus t r i  a l coa 1 convers i on . i s  
about 1 0.0 in  the next 10  years . 

2 .  The OE I S  d ismisses any a t tempt to perform an envi ronmental  or socia l  
impac t analys i s  of the  proposed action i n  the  context of a l ternat i ves . I t  
seems that  the  mai n  argument i s  that there i s  a l a rger goa l . i .e . •  executive 
objectives and s t a ted des i res in legi s l a t i on to achieve ene rgy se l f-suffi c i 
ency . and tha t tha t goal overri des any i mpacts wh i c h  m i  ght b e  d i  scovered pro 
and con . 

I t  is by no means c lear  and proven tha t  the proposed action is the on ly . 
or best.  way to achi eve execut i ve and l egi s l a t i ve goa l s .  Wi thout such proof.  
the  conclus ion does not fol l ow that  no  further di scus s i on i s  necessary . Al so . 
the i n tent of other execu t i ve and leg i s l a t i ve obje c t i ves  seems to be tha t a 
clear and i nte l l i gent ana l y s i s  be appl ied to proposal s in addi t i on to any 
concl us i on drawn from the pol i ti cal proce s s .  

The emi s s i ons of S02 . NOx • a n d  particulates associ ated wi th t h e  proposed action 
were calculated based on the New Source Performance Standards ( NSPS)  of 1 . 2 l b  
S02 '  0 . 7  l b  NOx . and 0 . 1  l b  particul ates / l O" Btu . Actual emi s s i on s  wi l l  be 
regu l a ted by the C l ean  A i r  Act Amendments of 1 97 7 .  whi ch wi l l  be more s tri ngent 
than NSPS for S02 and part i cul ate emi ss ions .  Ox ides of  n i trogen are produced 
i rregardless of  the fuel combusted i nc l uding natural gas and petro l eum. but 
to l esser degrees . Therefore . the a i r  qual i ty projections assoc i a ted wi th 
both the FUA and the base case represent a worst-case analysi s .  

The max i mum S02 i ncrease o f  2 . 5  "g/m3 proj ec ted for 1 990 occurs i n  on 1 y three 
AQCRs (Fi g. 5 . 5 ) . For thi s same time frame . 97 of the 238 AQCRs have no pro
jected regional i ncrease.  The predi cted maximum S02 concentrat i on for 1 990 i s  
69 "g/m3 from a l l  emi s s i on s .  

The choice of  coal a s  the al ternate fuel represents a wors t-case envi ronmental 
anal ys i s .  Other al ternate fue l s  and pol i cy opti ons are di scussed in Sec t i on 1 0 . 
The purpose of the FUA i s  di scussed i n a response to a cOll1llent by the US EPA 
( p .  1 2-1 5 ) . Soci oeconomic  i mpacts are d i s cussed i n  Sect ion 5 . 8 .  Append i .es E 
and K and the regu l atory ana l ys i s .  

i-' N I i-' 
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ALABAMA 

Al a bama Energy Management Board 

S T A T E  OF A L A B A M A  

@ 
A L A B A M A  D E V E L O P M E N T O F F I C E  

FOB JAMES 
GOVERNOR 

'10: 

FllCI4: 

January 2 4 ,  1 9 7 9  

Ms .  Ruth C. Clusen , Assistant 
Secretary for Environment 

Department of Energy .. OO,�C 2� 
Pt. 'Ii�rator 

State Clearinghouse 
State Planning Division 

SUIlJEC]': mAFT ENVIOCN4ENl'AL IMPACI' SI'A'lDIENI' 

Applicant : Department of Energy 

BOBBY A. OAVIS 
ACTING DIRECTOR 

Project : Draft Enviromnental Impact StatEment for the 
(bal and Alternate Fuels Program for the 
Department of Energy . 

. 

State Clearinglr:Juse Control Nunber : AlX)...C»0-78 

'nle Draft Enviromnental Impact StatEment for the above project has been 
revieMlCl by the appropriate State agencies in accordance with Office of 
I4anagenent and Budget Circular A-95, Revised . 

'nle caonents received fran the reviewing agencies are attached. 

Please cootact us if we nay be of further assistance. Correspondence 
regarding this proposal should refer to the assigned Clear1nglr:Juse Nunber. 

A-95/00 
Attaclments 
Agencies contacted for cannent .  

Alabama Energy Managenent Board - Hudspeth Alabama Coastal Area Board - Trickey 
AIXl - Stemenberg 

3734 ATLANTA HIGHWAY 0 MONTGOMERY ALABAMA 

MAILING ADDRESS: STATE CAPITOL 0 MONTGOMERY. ALABAMA 038130 
(205) 832-8810 

STATE AGENCI ES 
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co 



Al a bama Energy Management Board ( conti nued ) 

ALABAMA ENERG Y  MANAGEMENT BOA R D  

• .c . ..... - .. -.... � •• YL _ __  _ .... "', ... ... -... ... ...... ....... ... " . .......... 
___ _ • _ ..... 1' •• • 1''' . ..... ... ; ,,:M ;lU&nta 81., ...... y • 
• IlU;t-,y. AI. )61JO 
� a-, ::�-811-ScUO 

DIe.....,. n. 1978 

r.v-::.:.:.&"4 .. .. 
'ftt: 
r� 
Slwtt':: 

SUr. (,1 ............ 
'lG ' 

fdwt. C. 1IIIItspl't. :.. '. 4f" 
t....-ts _ Dr.ft ......... tic [lIYiroo .. ,,' 
IqtKt Sta'-l._ r 1It1 .. Act 

1111, £U Ullftrtstilllte, tilt rwl proMtiOll for«.st for AI • ., .... 
• i.1It tM cOIl rHene IIHe for AI...... lable 1 . :1  .nd 1.1:.1. 3.' 

show bn. tiM II"OIIucUoa for lM to .,. .pprolll_ttly 19 1111111011 
ton�. Il$ed 011 cum .. t pricJuctiOll &nil .nt1cipnd new .ine 
ape1ltn�s. Al.b_·s projected c.,.l prndvtUOII fOlo 19'0 ,,110.14 to. 
'rprox1I111t.b 29 a11HOII tOlll. of uIIiell approxt18ul, 19 .i l l ton 
"" .. 14 M SClrf.� "'II1II and 10 atlHOII tlllderground .lnd. 1.bl. 
•• � Hsts toUl rtSenH for AI .... rrf just ""*'" ] .,n Uon tons. 
A s_ to .. COIIPltttd su., .., tilt _logtCil S_y of Al.bI ... �i l1 prove ., ...... ' �. ,.rt1.,1y COIfl.ttd results indi· 
Cite Ali .... ·' toul "Sir,," wt l l  lit �n 10 Ind 60 IInl ton 
tOIlS wttll the IIDSt pr.'" ftll'" .FOUIIII 15 btllton tons. 
S�1It. IIotll tilt res ..... 110M and btici .. t" produr.tton of co •• ,. 
Al.»CIt Ire ...-rest_tH . ..  quesU. till! .11 .... "' sari •. 
•• U. ,,...,..-t.U .. ntIII1..-ts IS . ..... It of tew r., 1M 
Att. 
I rtc�" t�t, [I� .. re¥t� -., � Al ..... Atr "'1utt� 
Control COP.!tlt"toa. tilt Utt..- 1 ...... ,. .. 1Il C-isstoa .... tIW 
SKl09tul ,."., of .1 ..... 

Tab l e  4 . 9 l i sts coal reserves as of January 1 ,  1 974 , as 9i ven by the U . S .  Bureau 
of Mi nes . The A l a bama fi 9ures are based upon coal reserve esti mates made by 
W .  C. Cul bertson in 1 964 . Cul bertson estimated Al abama ' s  resources to be 
1 3 , 754 b i l l i on short tons . The Geo l og i ca l  Survey of Al abama recently reca l c u l a ted 
the stri p -mi neabl e reserves to be about 2 b i l l i on short tons . The deep-mi neab l e  
reserves are be i ng reca l cu l a ted by the U . S .  Geo l og i ca l  Survey i n  Reston , Vi rgi n i a .  
These resul ts are not expected unti l Hay o r  June o f  1 979. The Geo l og i ca l  Survey 
of Alabama notes that the estimate of stripab1e reserves is up substa n ti a l l y over 
earl i er estimates . They anti c i pate that h i gher estimates may be true for the 
deep-mi neabl e reserves . No total fi gure is yet ava i l ab l e .  Cul bertson ' s  
1 3 . 8  b i l l i on ton esti mate for resources may a l s o  be l ow .  Reserves must not be 
confused wi th resources ( see Sec . 4 . 5 ,  p .  4 - 1 9 ) . 
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ALASKA 

Department of Natural Resources, Divis ion of Parks 

������;� / ;�,� 

Mr. St..,. Pr ... k 
U . S .  Depart_nt of EDerlY 
Kcono.1c Kalulatory A4ain1atration 
Office of'· Puela KagulaCion 
Waahilllton. D . C .  20461 

Subject : Pual Uee Act DnIS 
State I.D. Ro. 78122702 

Dear Dear Mr. Pr ... k :  

De c  ...... r 27. 1978
' 

The State Clearilllhouae haa receiYed the subject project which you 
subllitted for r ... i_. 

Materiale concern1ll1 the project h.ve baen distributed to the appropriate 
80'9'ern.ental qenci .. for r."lev aad ca..ent.. The review i. IICheduled 
to close on January 26. 1979 • and you should be receivilll review 
results 800n .fter that date. 

The Clearilllhouse haa aadgned State I.D.  Ro. 78122702 to the project. 
Pleaa. use this n .. bar in all future corraapondence concernina the 
proj ect . both with this eaency and with the federal agency. 

Th ... k you for your cooperation in this .. tter. 

JM/c. 

Sincerely. 

�u.� �" " .� �?�d'" 
Stete-Pederal Coordinator 

-' 
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Alaska O":JLartment of Natural Resources,  DLyJsJc_n of Parks ( continued ) 

���¥� @W  ������ /JAY S'!V.MMONO' Go_"", 
..... 0 •• �. G8VBIIN •• 

!'OUCH AD 
DIVISION OF POLICY OEVflOPMfNT AND PlANNING JUNEAU. ACA$KA 99111 /  PHONE: 465-:m12 

Hr . S t eve Frank 
U , S ,  Department of Energy 
Economic Regulatory Administration 
Office of Fuels Regulation 
Waahington, D. C .  20461 

February 1 3 ,  1979 

Subj ect: State Clearinghouse Close-out of Fuel Use Act DPEIS 
State 1 . D .  No . 78122702 

Dear Mr. Frank: 

The Alaska State Clearinghouse has comp leted review of the subject draft 
programmatic enviroD.Dlental impact statement .  

The fol loving agencies commented : 

The DeI'art�nt of Natural Resources, Division of Parks, said: 

"This agency has revi�wed the FUA DPEIS and supports the project 80 
long aa future coal mining, transportat ion, s torage and use in 
Alaska cOll&iders and avoi ds areas of existing or potential rec
reationa l or his toric values considered important to the public 
welfare. 

"The State Historic Preservat ion Officer has the fol lowing cOlDJI.ent a :  
with r;g;rltO'"'"'P"8'rt 5 . 7 . 1 ,  there 6�O b e  aome incongruity. On 
the on� hand i t t s  pointed out tha t :  

• •  mine operators deeking � Federal permit are required to 
locat� and avoid a l l  listed and potential historic or archaeo
logical sitea (36 cn Part 800) . '  

"This 1& the way it should be , and fol lows the guidel ines of preser
vation la... But 1.umoediat.ely fol lowing thia i t ' s  stated tha t. :  

tAl though a few graveaites ,  Uline s h a f t s ,  or other potential 
Rites for iucluaiou in the' NaUonal Register may be destroyed 
by mining that resul t8 froID. increased coal llse caused by thia 
action, little (if any) s1gnifieant 1088 of historical resou.,,�s 
is expactt:td : '  

" Tva  eosaanta automatlcally e a.e  t o  miu� after eonolderlag thl. 
la.t ""ote :  (1) tha d .. truetion/adveree i.Jopaet o f  .!!!J. .Ita eU
&ible for the lIatio ... l leghter of H18torie Pl.e.s .!!. lllegal vb.n 
dOlle by 'ederal a,Bllele. vithout proper IOitigatiag .a.ur •• • 

The m is interpretation of Secti on 5 . 7 . 1  concerni ng h i storic  s i tes i s  regretted . 

The i ntent was to make i t  c l ea r  tha t :  "a l l m i n e  operators seeki ng a federal 
permi t are requi red to l ocate and avoid al l l i sted and potenti a l  h i stori c or 

a rchaeo10gic  s i tes . "  I t  i s  c l ear i n  the rest of the statement that not a l l  m i ne 

N 
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Al aska Department of Natural  Resources , Di v i s i on of Parks (cont inued ) 

Iforeover ,  it is the respoD8ibllity of the lead Federal agency to 
initiate the determination of which sitea are eligible for the NIlJIP 
before they are destroyed by actions which they are sponsorInl, "'iTCe'iiiiDg, etc . , (2) the destruction of l!!!! .2!!!. site which I. 
eligible for the NRHP is - by and of itself - a ' s ignificant 
10 •• ' ,  since any aite which 18 eligible for the Register la aut� 
matically considered a signifIcant cultural resource. 

Mun i c i pal i ty of Anchorage 

The Municipa lity of Anchorage comaented : 

tiThe Fuel Use Act prohibita the use of natural ga8 or petroleum •• 
the primary energy source in new pover plants and MFBI boIlers, 
thereby forcing the use of other energy Bource s ,  primarily coa l .  
Therefore, the badc queationa which .hould be an.wered b y  the ElS 
are 'what are the enviroomental i_pacta and adverse effects of the 
coal utilization undated by the FUA? Is the balance of trad.-offs 
positive or negatiye ? '  Theae are vitally illportant questiona which 
should be aoawered before the FUA is iaplelUnted. 

"We believe that the EIS simply does not address and answer these 
critical que. tiona sat i.factori l y .  

"The fol lowing specifics are not intended to b e  a n  exhaustive 
analyais of the £IS , but only .erve to il lustrate ita deficiencies: 

"Th. EIS contend a that electric utilit ies will not be affected by 
the FUA becauae they are already subject to ESECA which requires 
conversion to coal .  Yet it is intended that the ESECA program be 
pha.ed out quickly as FUA take. ove r .  By thua eliminat ing electric 
utilities - because they will be forced by ESECA to burn coal - the 
remaining future use of coal by industrials becoaea only a rela
tively amall part of all coal COD8U11Pt ion, and the £IS is able to 
treat the incre .. ntal effects as tnsignificant ! 

'twhere EIS cannot eva luate an adverse effect it is labelled ' un
knovn' and disregarded . An example of this technique - coupled 
with that d •• cribed in the previous paragraph - is found in section 
5 . 3 . 1  Greenhou.e Effect (Global CO

.
> ,  

"Fina l l y ,  EIS concerns itself with the Cotenainoua Untted States, 
ignoring Alaska and KawaU except for brief mention of the charac
teriatic and reaarves of"'coal in Alaska . Forced accelerated use of 
coal in AIaaka would have serious i...,act on the State. II 

Based upon the ca...nts quoted above, t t appears that the subject document 
h dsficient in i_rtant area. which .... t be .... re sufficient ly and 
aena iti.aly addr •••• d .  

operators who a r e  open ing new mi nes o r  expanding operations as a resu l t  o f  the 
proposed action w i l l  seek federal permi ts on a l l occas ions . The resul t may be 
the i nadequate search for potential  s i tes for i nc l us i on in the National Regi ster 
at a very few but unquanti fi ab1 e number of m i ne s i tes . Therefore i n  order to 
present the potentia l  i mpacts of thi s  federal action and the rel ati ve magni tude 
of the i mpacts , i t  shou l d  be stated that there i s  a l i kel i hood that "a few 
graves ites , mi ne s hafts , or other potenti a l  s i tes for i nc l u s ion i n  the National 
Reg i ster may be destroyed by mini ng that resu l ts from i ncreased coal use caused 
by thi s  action . "  Because thi s woul d  be an  extremely rare event and nearly al ways 
mit i gated , i t  i s  stated that " l i ttl e ( i f  any ) s igni ficant l oss of h i s tori cal 
resources is expected . "  

Several unknown env i ronmental effects are l i sted w i th i n  the E I S .  There are two 
major reasons for thi s .  One i s  the necess i ty for s i te-spec i fi c  i nformation which 
is outs i de the scope of a programma tic E I S .  The other is the sta te-of-the-art 
for asses s i ng a g i ven i ssue , e . g . , the greenhouse effec t ,  has not devel oped to 
the poi n t  where a predict ive assessment can be made . Even though predi ctions are 
not mad e ,  the d i scuss i on of greenhouse effects is conta i ned i n  Section 5 . 3 . 1 .  

N I N N 



Al aska - Offi ce of the Governor, D i v i s ion  of Pol icy Devel opment and Pl ann i ng 

The State Clearinghouse would hope that the U . S .  Department of Energy 
Regulatory Administration becomes more aware of the laws and regulat ions 
governing listed and potential historic or archaeological sites and wi l l  
take a less cava lier a t t itude towards the fate n • . .  of a few graves ites , 
mine shafts or other potent ial sites for inclusion in the Federal Reg i s t e r  . . .  " 

The use of words such as "insignificant" and "unknown" in envi ronmental 
statements are not conduci ve t o  furthering pub l i c  trust in regulatory 
agenci es . There are strategic areas of impact which cannot be relegated 
(out-of-hand) to that type of verbal d I smissa l .  

Fina l l y ,  the people o f  Alaska bel ieve that nat i onal impact stud i es 
should give due cons ideration to use of Alaskan resources and what the 
impact of that use will be . The subj ect document , in vi rtua l l y  ignori ng 
Alaska and Rawai i ,  cannot be cons idered a nat i onal s t atement of programma t i c  
envi ronmental impact . 

S i ncere l y ,  

J£!\ .eH:d� 
State-Federa 1 Coordi nator 

cc: S tate Department of Natural Resources 
The Hun! c i p a l i t y  of Anchorage 

J H : c l  
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Ms . Ruth C lusen FEB 1 3  19i9 
U. S .  Department of Energy 
2000 M st ree t ,  N .  W .  
washington, D .  C .  20461 

Dear Ms .  C lu s e n :  

The state o f  Calif ornia h a s  reviewed t h e  Draft Programmatic Envi ron
mental Impac t Statement , Fuel Use Act , submi tted through the Office 
of Planning and Research in the Governor ' s  Office . The only comments 
received , those of the Air Resources Board � are at tached and consti
tute the state ' s  official response on this document . 

This review fulfills the requirements of Part II of Office of Man
agement and Budget ,  C i rcular A-95 and the Na tional Environmental 
Policy Act of 1969 . It was coord inated with the Departments of 
C onse rvation, Fish and Game , Parks and Recreation , water Resource s ,  
Food and Agriculture , Health Service s ,  and Transportat ion; the 
A i r  Resourc e s , Solid waste Management , and State Water Resources 
Control Board s ;  and the Ene rgy and state Lands Commi s s i on .  

W e  appreciate having been given an opportunity t o  review this 
report . 

Sincerely, 

?� 
L. FRANK GOODSON 
A s s i s tant Secre tary for Resources 

Attachment 

cc : Dire c t or of Systems Management 
Office of Planning and Research 
1400 Tenth street 
Sac ramento, CA 95814 
( SCH 78122526) 
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Cal i fornia  Ai r Resources Board (conti nued ) 
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Sobjoct • 

February 9, 1979 

Connents on Draft 
Prograll1Mtic Env i ronmental 
IlI!plct Statement Fuel Use 
Act SCH #78122526 

Our cOlll1:ents w i l l  be l imited to t�e a i r  �ual i ty sections of the !>raft 
Envi ronraent .. l Impact State::ent ( DE I S ) . The Fuel Use Act ( FUA) prohi b i ts 
the usp of na tural 9as or petroleum i n  new and/or existing power plants 
and major fuel burri ng installations (�FB J ) .  The Act defi nes power 
pl ants and ilFB I as stationary sources wi th a min imum heat i nput rate of 
1 00 mi l l i on Btu/hour for one uni t or 250 mi l l ion Btu/hour for two or 
IIlOre uni ts . The pril!lary purposes of the FUA is to reduce the nation ' s  
dependence on foreig� oi l ,  to encourage the use of sources of energy 
that a re i ndi genous to the Uni ted States , and to CMserve petroleum and 
natural gases for f�ture uses. The Departrr,ent of Energy ( DOE) i s  
authorized to promulgate regul ations esta b l i shing cr i teria for granting 
exempti ons from the prohibi tions of the FUA. 

Genera 1 Ccr.r.:ent 

The OEIS d i d  not di scuss the impact of thi s  act rel a tive to Cal i forn i a .  
Ca l i forn i a ' s  unique a i r  pollution proble", i s  caused primari l y  by products 
of combusti on. Al though loca l burn i ng fac i l i t i es can be control led so 
the emi s s i ons '!aul d  be very l ow, i t  i s  not pra c t i c a l  to apply such 
control techno i ogy to a l arge number of faci l i t i es "i thin a short peri od . 
If a substan t i a l  number of exi sting fac i l i ties are requi red to convert 
tu coa l ,  ,:0.1 i fv'  ti i "  truly HOt be li b ! ;  to t ��3. 1 Ii tk: •• d t i 'J(,OI �,;:-!:lie.-.t o i i  
qual i ty standa"d. a s  requ i red by the C l ean A i r  Act .  ilanda tory conversions 
to coal woul d a 1 so be co tastroph i c  to Ca 1 i torni  a'  s economy because 
v i rtua l ly a l l  a va i l ab le emissions offsets woul d  be required for use by 
these converted fac i l i ti e s ,  l ea v i ng l i tt l e  roo," for future economic 
growth .  We bel i eve the D E I S  shou l d  srec i fical ly address the probl ems of 
those states w i th e x i s ti ng s i gni ficant a i r  Dol l ution problens. The D E I S  
seems t o  bl i thely d i sm i ss t h i s  problem b y  stating t h a t  nonattai nment 
areas wi l l  automa t i ca l l y  be granted an eX<!mption. Nei ther the FUA nor 
the regul a t i ons proposed by DOE i ncl ude such automa t i c  exemptions . 

N I 
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Cal i forn i a  A i r  Resources Board (conti nued ) 

Speci f i c  Co"""en�s 

( 1 )  The DEIS  appears to bel i eve tha t  nonattai n�.en t  areas woul d  be 
exempt from the pro h i b i  t i ons of the FUA . The FUA does not 
spec i f i ca l l y exeMpt combus t i on faci l i ti es that are l ocated i n  
nonatta i nment areas . I n  fac t ,  the proposed COE regu l a t i ons 
implemen ti ng the FU.� wou l d  make it  extrer.1e l y  d i f f i c u l t to 
obtain any exemptions , even i n  nonattai nment area s .  

(2)  The D E I S  d i s counts the a i r  qua l i ty impact o f  conver t i ng exi s t i ng 
'power p l ants . T h i s  i s  based on DOE ' s  bel i ef that conversions 
of e x i s t i ng power p l ants are covered by the Energy Supply and Environmental Coord i na ti on Act ( E SE(:A) Df 1 9 ; 4 .  �·je bei i eve 
that an air qual i ty i rr.oact a na l y s i s  shou l d  be perforr.ed to 
assess the cumu l a t i ve i Mpact of the �rop�sed reg u l a t i ons and ESECA. 

(3) On page 3-4 , the DEIS states tha t fuel burn i ng faci l i ti e s  
b u i l  t before 1 930 w i  1 1  be exc 1 uded fro," t h e  F � � .  He>!ever, DOE 
recen tly proposed regu l o �i ons tha t w i l l  i ncl ude a l l  fuel 
burni ng faci l i ti es bui l t  a f ter I,ovember 9 ,  1 97 8 ,  and r.ay even 
i ncl ude some faci l i t i es bui l t  after Apri l 20 , 1 977 . 

(4) In determ i n i ng the a i r  q ua l i ty i"'pact of the Fuel Use Act,  DOE 
seems to p l ace a grea t deal of rel i a nce on 1 974 i n forma t i o n  
spec i fy i ng t h e  l ocati on of fuei burn i ng faci l i ti e s .  S i nce 
1 974, the n"",ber of fuel bur n i ng faci l i ti es may have sub
stanti a l l y  i ncreased "hich wou l d  res'J l t  in underes ti Ola t i n g  the 
air qual i ty i "pact of the proposed regul ati ons . DOE shoul d  
inve s t i g a te whe thel' the use o f  1 974 i nforma t i on i s  appropriate 
for determi ni ng a i r  qua l i ty impacts. 

(5) Tabl es 5-l 2a  and 5 - l 2 b  r.1ake no mention of i ncreases in S02 or 
TSP concen tra ti ons in Region I X .  

(6)  

( 7 )  

(8)  

T h e  D E l S  presents e m i  s s  i ons i ncrea s e s  b a  s e d  on a i r  q u a l i ty 
control regions . S i nce these reg i ons are l arge . i t  ; s  very 
d i f f i cu l t  to a s sess any l oca l i zed i mpacts . "!e sugges t that DOE perform a \'/crst case a na l y s i s  for a nonattai np'ent area 
assUll11 ng tr ldt al i !.lajur fac i l i t i es \ d ln l n  t n a t  d,'ea ·, ... 1 1 i  �e 
required to use coa l . Th i s  woul d  i denti fy the na x i mu" l o ca l i zed 
impact o f  the proposed regul a t i ons . 

The estimated i ncreases i n  transporta tion emi s s i ons are presented 
for the ent i l'e Reg i o n  I X ,  which corrop r i s e  of sever a l  s totes . 
The areas i n  w h i ch transporta t i cn erni s s i ons wou l d  have the 
greatest i r:lpact shou l d  be i denti f i ed .  

Fugi t i ve dust emi s s i ons from s torage Jnd o.,- s i te proce s s i n g  
were a s s ur.1ed t o  be i ns i g n i f i c a n t .  O u r  expe r i e lice wi th proposed 
('Od l - f i red power p 1 a n t s  sU9ges t t h a t  thi s may not be true . 
The ba s i s  for t h i s  a s s u",p t i o n  shou l d  be stated i n  the DE I S .  

T h e  regul at ions concern i ng s i t i ng i n  non-attai nment a rea s a re expl a i ned i n  
Sect i on 2 . 4 . 3 . 2 .  The i mpact o f  s i t i ng coal combust ion fac i l i t i es i n  non
attai nment areas i s  d i scussed i n  Section 5 . 2 . 4 .  

See responses to comments by U . S .  Envi ronmental Protection Agency ( p .  1 2 - 10 )  and 
Cal i fornia  Energy Commi s s i on ( p .  1 2-33 ) .  

See response to comment by Ca l i forn i a  Energy Commi s s i on ,  p .  1 2 -28. 

DOE used the l atest ava i l ab l e  comprehens i ve data . Based on the d i str ibut ion of 
fac i l i ti es in that data base , projecti ons were made to account for growth before 
a i r  qua l i ty i mpact assessments were made . 

Tabl es 5 - 1 2a and 5-1 2b present data on those AQCRs wh i c h  have the hi ghest pro
j ected base case emi ssi ons and those AQCRs whi ch have the hi ghest projected emi s
s i ons assoc i a ted w i th the proposed action.  None of these occur in  Demand 
Reg i on I X .  Max imum l evel s ( 1 990) of S02 projected for Demand Reg ion IX a re 
0 . 5  to 1 . 0 �g/m3 ( see F i g .  5 . 5 ) .  

DOE bel i eves tha t such a n  anal ys i s  wou l d  serve no va l i d purpos e .  The document 
asses ses the regi onal a nd na tional  impacts of the Act .  Local effects wi l l  be 
determi ned on a case-by-case bas i s  by the proper regu l a tory a uthori t i es before 
convers i ons begi n .  

Data on s pec i fi c  l ocati ons o f  o r  g i n  and des t i na t i ons o f  coal are i nsuffi c i ent to 
del i nate the spec i fi c  areas w i th n a Demand Reg i o n  that wou l d  have the greates t 
impact from transporta t i on emi s s  ons . 

Part i c u l a te emi s s i ons from s torage and process i ng fac i l i ti es wi l l  degrade a i r  
qua l i ty a round those faci l i ti es .  However , because the parti c les  are genera l l y 
l a rge , most shou l d  settl e out wi thi n the area adjacent to the fac i l i ty .  There
fore , no reg ional  a i r  qual i ty impacts a re expected from these faci l i ti es .  

"" I ; ... .J (." n 



Cal i fornia  Air  Resources Board (conti nued ) 

(9) The mode l i ng ana lys i s  used to assess the a i r  qua l i ty impact i s  
whol ly i Mdequate because the resul ts are based on U S i ng 
nonrepre'�ntive stack hei ghts of SOC meters for uti l i ti es and 135 meters for i ndustries and ignoring the l oca l i zed effects . 
These effective stack heights usua l l y  occurred during non
stable atmospheric cond i tions which are rather i nfrequent i n  
Ca l i fornia during t�e sUlTlller months .  A s  we menti oned i n  i tem 
6. DOE shou l d  select a nonattai nment local i zed area to perform 
the mode l i ng analys i s .  

(10) The compari son between a regional S02 increase and the national S� backgroun� concentra tion i s  1 nappropriate because l oca l i zed 
effects are aga i n  not considered . 

Effec tive stack hei ghts were chosen to be representative of average u ti l i ty and 
i ndustri a l  l ocations on a national bas i s .  Cons i deration of l ocal effects such as 
bas i n  i nvers ions is beyond the scope of the document. As noted in Section 5 . 2 . 4 ,  
compl i a nce wi th a l l  appl i cab le  federa l , state , and l ocal a i r  qua l i ty regu lat ions 
must be demons trated before coa l combustion can beg i n .  

Regi onal pol l ut ion i ncreases were ca l cu l a ted to determine the national impact of 
the Act .  local effects wi l l  be con s i dered by the appropriate l ocal regul atory 
author i ties before coal combustion begi ns . 

N I N W 0. 



Cal i forn i a  Energy Commission 
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It'. !avid J. lardl", AdIIIl nl strltor 
ECOilOll\ lc R�ulltor)' Adlalnhtration ZCCO "If' Strlet, 11.11. Ii4shington , D.C. 20461 

ftbrulry 9. 1 919 

CCl'KN1$ 011 i)MfT'�"'IROII(�Al ''''ACT STATEI'£HT .fOR TIlE FU€L USE ACT 

Oln .-. . "rd I.: 

G 

. ----�-- . .  -

The CaI Hol·nl. Enerqy COIIIIII ! S IOn ( CEC) �as re', ;a<ed the Cra ft Prog�l"".tlc 
En" rarctnt.l IJljllct  Stlt."�n .. (r r � )  0,1 t�e PV.er Pl ant and Industrial  �u81 
Use Act of 1 978 (fIlA) . �r �eta 1 \fld �alllllents on the [IS  ne .ttlc�Ed to 
th i S  l e:ter. The CEC ' s  "",",ents on the FUA regul.t lons ., 1 : 1  be forward": 
stPar�tely .nd In acC'lrd'ncl w ! th the t l "'''t.�le ou t l ined I n  the Federal 
Reg t s t  .. .  

As y OU  �an r.dt ly see f� the CCl1IIIe/lts fol lol'fln<j 'Ik! :hose .:tachfld . .. e 
Are not Slt"fled tlll t the ([S adlN.aUll' descri bes the env l rolWllenta l 
ill!pacts a ncci.ted with the IsSIJlnCe .nd ut ! 1 l z.t ion of :he "t9da tions 
requl·fld to lOipl_t FIlA. "IthOugh the hsu.nce of "tg\:l.t lo"s I s the 
stlted �rpose of tile docUlllent ( see plge I . l ) .  there ue l!U�fr<:us ",.jor 
d�ftcI",c le5 I n the ElS. the lIOn serious of .hich are des�r'bed 'n deta : l  
I n  thl a ttached c_u and lMy be s'_r!zed a s  fo! 1ow� : 

1 .  The IIIJor 'SSmlllt IOl'S reg�rd i ng  the regulat ions uti ! I lid U the 
!Msh for thl (IS IN ly� t s ,  I.g. , �UIII!le; of pl.nts affec t l!d ,  a i r  
qua! ! ty .,lssIOllS .  subSlantl'� !Y fxCetd. indtx . e�c. (SN i n'rt ) ,  
,j ! 'fer s l lln' ficant ly f;'(91 t!lt �r_ters ac tua ' 1l' p'"l)poSfld I n  the 
dr.'t regul.t lcns . 

Z. Ass\JIIIlng that the E IS �� Ins to des:rl be that which H Is eva l ua t l o 9 .  
the FUA rtgIJlations .  r.he�e are r.u .. erO'J S e�roneous :onclus io�s re
lI.rd i r!9  the en. i ro,...�nta I impacts frO«1 the regu la to"y sch .. e 
described I n the E I S .  ThESe Include Iden t · ftca tlo� of worst ca se 5cer.arios Ir.-d other ��hnt i f ic  �r.d te-;t,n l ::G 1  a-a lu. t l on s  I"d 
ccnclus lens. 

3 .  The (IS fa l l s  tv adeqw tel, .ddress t�� env ircr",",nta I l�cts o f  the 
ut l '  h.t Ian of a I terlllt tve ene!'<}Y SOU""s encouraged by the ","oposed 
<UA regu lat  lens . 

Detai led comments have been addressed i n  the pages fol l owing these summary 
comments . 

-
N I N � 



Cal i forn i a  Energy Commi s s i on ( conti nued ) 

4. ine �'c, "a!e of the EIS I s  to �Id In ''je,-,cy d ec l s lo" Ir.! k l n g  and not 
tQ ;erl � B an after-tho-fact Jes t i f ;, a t i on fer the d e d s lon '<acn� . 
!n o�er to fu l f i l l th i s  p'�rpose, the E [ S  ru s t  descr i he the env l ron 

"'�ntal i",pac ts associated 'n i t h  the ' 4 r l OO S  opt i ons t�� t  can be kpl e
",ented wHMn ,he fr.ewor k of the s tatu to'y ... nd.t�s, 'oIn< 1 e  
mentioned i n  the EIS ,  the i r  illpacts a re r.ot d � sc"ssed Q r  E'I. luated , 
As I« ! tten , It Is d ! fflcc l t  to itnagl n e r,Qw tro i s  E iS contr ibutes to 
oor 'ids i n  agen<:y d ec i sion ftIki ng ,  t h e  pre"", inent ,urpose of the en t i re US proces s .  

A s  1fe have note:! tefore ( s ee  eEe c!1n1ents o n  TranS I ti onal F.e n ! t i es pl><JlJ l a 
t lons doted January 1 7 ,  , 979) , �RA ' s  1l'"0PQ l ed  d e f i n i tion o f  " n EO'  fae ' l i t l e,' 
cranseends t�e l etter and Intent of the Act i tsel f .  lie be l i e .. chat t h i s  
i nj ec ts uncerta i n ty a s  to t h e  va' ld Hy of ( h e  "egu i H i on s ,  atove a n d  oeyor.d 
t r,� q'J es t i ons w h i c h  we have ra i sed >11 th respe.:t to the E I S .  
L-! s t l y ,  we w�.;1 d no t e  w i t h  SOIIW! �oncern t hG t  EP';, h .s s  exc 1 ude<l �a 1 4 forn 1a fiC1": 
i ts hear ing sche,h, l e ,  InaSaleh as Cal l fo"nh i s  one cf t�e "." s t  �op'J l oc s  
s ta t8'S , ,, � th l ts :.;or.cClll l tant n e ed  for  el'le""9Y fOOt i ndustry a n d  t ts c 1 l i zef! s ,  

ar.c h<1s �,.jny � t. I QI.! e  env lro_n ta l  and eMrgy p l an n i ng probl ... s ,  I t  se"",s 

oippro?r 'iat. tha t hear i ngs s �u l d be cc.nd!Jct� i f, C.a � i fQ'!'"n i 4 .  we t:'"l! $. t  tMt 
h�.utn9s on the other por t ton5 of the ru� "!Sl l d t 1 1j � S  'Jt ': '  t be he l (j t "  
�a ' Iforn l a ,  

S il"l-:ere1 J" 1 

1J1!�t:L-
C-ep.,t) Ex<;<:u t i ve D i cE'C tc.-

Attac n.or,t 

Mr . Robe r t  L .  So l omon 
Deputy E x e c u t i v e  D i r e c t o r  
S t a te o f  Ca l i fo r n i a  
Ene r gy Re s o u r ce s  C o n s e r v a t i o n  

a n d  Deve l opme n t  Co�� i s s i o n  
1 1 1 1  60we � v e n u e  
Sac r am e n t c ,  Ca l i fo r n i a  9 5 8 2 5  

[ e a r  P.� r 4 S o l omon : 

MAR i S l9l'9 

I am r e spond 1 n g  to y o u r  l e t t e r  of Fe b r u a r y  9 ,  1 9 7 9 ,  t o  
D a v i d  J .  Ba r d i n ,  Adm i n i s t r a t o r  o f  t h e  Econom i c  Pe � u l a t o r y  
Adm i n i s t r a t 1 o n '  ( ERA ) , r e a a r d i n a  t h e  S t a te o f  Ca l i fo r n i a ' s  
cow.� e n t s  on t h e  d r a f t P r og r amm � t i c  Env i r o n � e r t a ]  I � r � c t  
S t a t e m e n t  ( E I S ) o n  the Fu e l  Use Ac t .  

EKA d o e �  not c o n c u r  w i t h  y o u r  a s se r t i o n s  t h a t  t h e  E I �  
h a s  f a i l ed t o  ad d r e s s  the e n v i r o n me n t a l  i�pa c t s  o r  t h � t  
t h e  [ I S  h a s  n o t  co n t r i b u t ed n o r  a i d e d  t h i s  � dm i n i s t r a t i o � ' s  
d ec i s io n - ma k i n g .  Eva l u a t i o n  o f  t h e  e nv i r o n �e n t ? l  i�r � c t s  
o f  t h e  F u e l  U s e  A c t  began a t  a n  e a r l y  s t aqe a n �  m u c r  o f  
t h e  i n f o r � a t i o n  a pp r op r i a t e l y  p r e d a ted t h e  r ea u l � t i o n s  
d e ve l o pm e n t . T h e  i n fo r m a t i o n  deve l oped i n  t r e  e n v i r o� m e n 
t a l  a n a l y s i s  h a s  and c o n t i n u e s  to a s s i s t  i n  the deve l o p�e � t  
o f  the r E g u l a t i o n s .  

You r spe c i f i c comme n t s  o n  the d r a f t  E I S  a r e  be i na �dd r � s s � d  
1n t h e  f i n a l  E I E , w h i ch w i l l  be c h a n g e d  to r e f l e c t  t h o s e  
a r e a s  whe r e  t h e  comme n t s  co r r e c t l y  no ted t h a t  c h � n o e s  wo u l d  
imp r ove the a n a l y s i S  and u e e fu l ne s E  i n  the d e c i s i o n  � a k i n q  
p r oce s s . Th a n k  you f o r  t h e  t i m e  a n d  e f f o r t  spe n t  on h e l r i nq 
us to 1mpr ove the f i n a l  E I S .  

S i nc e r e l y ,  

/5/ 
Ba r to n  R .  P o u s e  
A s s i s t a n t  Adm i n i s t r a t o r  
F ue l s  Reg u l a t i o n  
Econom i c  Reg u l a t o r y  Adm i n i s t r a t i o �  
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Cal i forn i a  Energy Commi s s i on (cont i nued ) 

1 .  Page 1 - 1  

The proposed a c t i cn that i s  the subject of the Draft £ I S  i s  "the 

i ssuance of r egu l ations to impl ement FUA . "  On January 5, 1 979 ,  ERA 

i s sued and made effective the Special  Ru l e  for Temporary Publ i c  Interest 

Exemption (44 FR l 694 ) .  Under CEQ ' s  National Envi ronmental Pol i cy Act 

NEPA regul ations , this  Federa l ac tion shou l d  not have been ta�en unt i l  

a F i na l  E I S  descri bi ng  the proposed acti ons had been c i rcu l ated for a t  

1 ea s t  30 days . 

2. Page 1 - 1  fourth paragraph 

ERA states that "Pred icted impacts of a l ternate fuels are not gi ven d u e  

to t h e  u n certai nty of thei r u sage . "  Under NEPA f u l l  d i sc l osure requ i re

Ments , !ll reasonabl e impacts of the program must be described . 

Several a l ternate fuel s proposed i n  the FUA regul ations may i ndeed have 

greater and more severe ,nvironmental impacts t han  coal . For examp l e ,  

petrol eum coke i n  many cases conta i ns high  concentrations o f  heavy meta l s .  

Sim i l ar l y ,  shal e o i l  producti on can b e  much more environmenta l ly damaging 

than coal mining s i nce l arge quantities of  Ioo"ater are required and the 

spent sha l e  creates a mass ive sol id waste d i sposal prob l em .  

The Draft EIS  s houl d  therefore a na lyze at l east programma t i ca l ly the 

impacts of use each al ternate fuel proposed by ERA. 

3 . Page 1 - 1  fi fth paragraph 

ERA i ntends the Draft E IS as a systemat i c  overstatenent of factors that 

woul d  affect the number of fac i l i ti es that �iOul d  use coa l .  

I n  several . respects,  the Draft E IS i s  not a worst case anal ysi s :  

_ Oi l a nd ga s pri ces were a ssumed to �e stable i n  real terms . 

Several r ec ent events ( e . g . , Ira n ,  the Natural Gas Pol i cy 

The Federa l Regi ster c i ted only proposes  and does not make effecti ve the exemp
t i o n .  I t  i s  not env i s i oned that a ny further ac t i on regard i ng th i s  r u l e  wi l l  be 
taken pri or to the i s sua nce of the F ina l  E I S .  V i abl e a l ternate fue l s  are con
s i dered in the E I S ,  a nd d i scu s s i on of some of the a l ternate fuel i mpacts are 
be i ng expanded from the Draft E I S .  

The text has been rev i sed ( pp . 1 - 1 a n d  3 - 1 ) t o  i nd i cate how a l ternate fuel s are  
presented . 

retrol eum coke i s  d i scus sed i n  Sec t i on 1 0 . 1 . 7 .  

The env i ronmenta l i mpacts of the use of o i l  sha l e  are presented i n  the FUA Draft  
E I S  as  we l l  a s  in  the ESECA F i na l  E I S  ( Vol ume I ,  pp . V I I I - 1 1 9  through - 1 37 ) . I n  
add i t i o n  to the references presented i n  these documents , the fol l ow i n g  reference 
i s  a l so recommended : O i l Sha l e  and the Envi ronment , EPA-600/9-77-033 .  

See  response to  Comment  1 ( page 1 - 1 )  . 

The assump t i o n  of constant  o i l  and gas  prices  re fl ects  the wors t-case ana l ys i s .  
Shou l d  o i l  a nd gas  p r i ces  r i se a s  i nd i ca ted i n  the commen t ,  i t  i s  l i ke l y  that  
there wi l l  be greater vol u ntary cons truc t i on of coa l - f i red units  and  fewer changes 
due to the rUA . 

'" 
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Ca l i forn i a  Energy Commi s s i on (conti nued ) 

Act a nd other wor l d  o i l  market aspects ) have sho.;n th i s  

assumption t o  be wrong . In fact. o i l  and gas prices wi l l  

1 1  ke1.y exceed real .pri ces a nd  tilerefore the rat iona 1 e for 

excessively stri ngent and i nfl at ionary provisions in the 

regul ations i mp l 61lent i ng FUA is exaggerated. 

- The group of fac i l iti es affected by the proposed FUA regula

tions ( 1 0 FR 500 . 2 ( a ) ( 5l )  and ( 52 ) )  i ncludes many sma l l  ( e . g  • •  

l ess than 1 00 mi l l ion Btu/hr) combustors omitted from the 

Draft EIS.  s ince a reasonab l e  read ing  of the Act woul d  l ead 

one to exclude th61l. Therefore. the EIS has underestimated 

the l i kely amount of coal convers ion and subsequent emi ss ions 

due to t he FUA regu l ations . 

- The ·substanti al ly exceeds i ndex" proposed in the FUA regula

tions greatly exceeds the economic test used i n  the Draft EIS.  
Due to this di fference .  many more fac i l i ties wi l l  fa i l  to  �ua l 

l fy .for exenptions . woul d  therefore b e  required t o  u s e  a l ternate 

fuel s  (coa l )  a nd general ly produce more emiss ions . 

The FUA res t r i c t s  DOE to o n l y  rev i ew i n g  sma l l er combustors wh i c h  are co- l o c a ted 
a t  a s i te for wh i c h  the total heat i nput rate is ",are than 250 mi l l i o n  Btu per 
hou r .  E x i s t i n g  fac i l i t i es o f  t h i s  s i ze probab l y  w i l l  n o t  have coal - b u r n i n g  capa
b i l i ty .  To the extent that these u n i ts co u l d  use synt h e t i c  fu e l s  a s  a l ternate 
fue l s ,  the i m p a c ts 'ff'ou l d  b e  smal l .  Sma l l  new u n i ts ',.,. i l l  have a greater proba
b i l i ty o f  q !J a l i fy i n g  for the c o s t - t e s t  e x ef.1 p t i oll .  Cue to the general attempt 
to o v e rs tate c o a l  cc,":-:b u s t i o n  re i a tej to � � e  ::: r,)q ra::, , 3.."1j �"e :; na l �  ';IJrr:ber o �  
u n i ts wh i c h  may fa l l  w i th i n  the noted s i z e ,  f'J e l , and exemp t i o n  categori es , 
any changes d u e  to a rev i s i on in t h i s  a s s um p t i o n  are expected to have an e x 
tremely sma l l  impact o n  the resu l ts .  

!'. �  i nd i ca ted i n  Tabl e 1 0 . 5 .  the amount ot coal combustion impacted by the " sub
stant ia l l y exceeds"  i ndex is asymptoti c .  and the coal vol ume captured by the 
i ndex used in �he EIS captures v i rtua l l y  the enti re poss i bl e  uni verse. Any 
h i gher " substant i a l l y  exceeds" i ndex woul d  be expected to i nvol ve such a smal l 
add i tional i ncrement of boi l ers that the i nc remental i mpacts cou ld  be due to the 
l imi ted uncerta i n ty i nvol ved in the projection s .  

N I N " 



Cal i fornia Energy Commi s s i on (conti nued ) 

4. Page 1 -2,  Tabl e 1 . 1 , FODtIJ.;·. 

The footnote presumes thlt "New units are those cGlrtng on 1 1ne in 1 990 

and after • • • •  " However, the transi tional faci l ity regulatfon� definition 

of "na! units" reaches f..r. · ..... bllck to sweep within the purview of the 

prohi bftfetf � unfts that would be schedul ed to go on l ine before 

thfs date. 

This di fference between the Draft EIS and the proposed FUA regulati:'s 

can be SUbstantial : numerous fac i l i ties that Nere treated as "existing" 

(and therefore less l i kely to be forced to coa 1 )  bJ tho! Draft EIS may 

be indeed "new" accordi ng to ERA ' s proposed definitions. Impacts due 

to the FUA program are therefore underesti�.ted . 

5. Page 1-2, Tabl e l .l �  Footnote c .  

Similar comment appl ies to Footnote c .  (assumption regarding existing 

ullf ts J as the preced i n9 ccmnent No . 4 .  

I .  Page 1-2, second paragraph . 

The Draft EIS assumes thlt ·Utiliti es will be affected less because new 

baseload faci l i ties using fuel s other than oil  or natural gas are 

generally anticipated . " 

In cal ifornia,  this presumption is wrong . Repowerflq, combined cycle 

canbustfon and cogeneration are efficient modes of oil use that are 

fndeed proposed by uti l : !ies for new baseload facilfties.  For exampl e, 

Paci fic Gas and El ectric Company ' s Pi ttsburg 8 and g units will probably 

be· "new" fac i l i ties u nder FUA and would provide 1 600 MW of combined cycl e . 

oil fired · baseload capaci ty .  

Fac i l i ti es are defined i n  the E I S  as bei ng new i f  the date of opera t i on i s  i n  o r  
after 1 980 , and ex i s t i ng if the date of opera t i on was pri or t o  that date . S i nce 
it takes several years to complete a fac i l i ty ,  the above defi n i t i on resul ts i n  

mo s t  "trans i ti ona l " faci l i ti e s  bei ng con s i dered exi s t i ng rather than new. The 
revised i nterim rul e  on trans i t ional fac i l i ti es states that a faci l i ty wi l l  be 
consi dered ex i s t i ng i f  i t  i s  operational May 8, 1 979.  I f  i t  i s  n o t  operational 
on that date, it wi l l  sti l l  be consi dered ex i st i ng i f  25% or more of nonrecover
abl e outl ays of the total expected project cost has been expended . The l atter i s  
antici pated to account for those fac i l i ti es becomi ng opera t i onal between May 8 
and December of 1 979.  

As i ndi cated i n  the response t o  U . S .  E P A  ( p .  1 2-1 0 ,  I tem BJ . the DO E  methodol ogy 
and analys i s  requi red proj ections based on national trends .  I nd i cati ons are that 
the el ectric ut i l i ty i ndustry is not constructi ng o i l - or gas-fi red basel oad 
fac i l i ti es during the period covered by the E I S .  Any aberrati ons from th i s  
national trend cannot b e  accoun ted for except o n  a s i te-spec i f i c  bas i s ,  wh i ch 
wi l l  be a fforded other examinations under NEPA and FUA. DOE i n fonmation , fur
n i shed by the Western Sys tems Coord i na t i ng Counc i l  in Apri l ,  1 978, i nd i cates that 
P i ttsburg 8 and 9 are expected to be operational in 1 985.  A determi nation of 
the i r  status wi thout fonmal submi ssion to DOE for a determination i s  prema ture. 
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Ca) i forn i a  Energy Commi s s i on (conti n ued ) 

Here aga i n  impacts due to the proposed FUA regul aUons are therefore under

estimated • 

7. 'age 1 -3 , f i fth paragraph. 

The Draft EIS concludes that maximum regional i ncreases of S02 due to FUA 

w1 1 1  be 2 . 5  ug/m3 and even l ess Total Suspended Parti cul ate s .  

These conc 1 u s f.tlns, are n o t  "worst case" , notwi thstuding the decl ara tion 

in the E I S .  In add i t i on ,  i t  s hou l d  b e  noted that IIFB I ' s d o  not l ocate i n  

I regiona l l y  d i s persed manner, a s  tlaS u s ed  for t he  a i r  qua l i ty mod e l i ng .  

I n  fact HFB I ' s  tend t o  be urtan ( e . g . , factori es u sua l l y  are i n  c i t i es or 

suburbs) and the true concentrati ons of S02 and TSP wi i 1  ir. fact te h igher 

on a regional bas i s  than projected by the Draft EIS.  

for exampl e ,  i n  certa i n  portions of Ca l i forni a ,  oil  production i s  enhanced 

by s team i nj ection; the steam for tlhi c h  is produced from o i l  fired bo i l ers. 

If these boi l ers �iere forced to use coa l , the regional S02 and TSP concen

trations woul d  exceed ERA ' s  proj ec t i ons . (Assuming that EPA and the 

State Air Resources Board a l l owed them to use coal . )  tloreover , !ra ny of 

these combustors are in the 50 mi l l i on Btu/hr range, omitted from the 

Draft E I S ,  but not from the proposed FUA regu l a t i on s .  

8. Page 1 - 1 1 ,  t h i rd  paragraph . 

The Draft EIS justifies the FUA program by stating that • . • •  the program can 

force substitutfon wfthout the consumer pay i ng for increased ' genera1 fuel 

pri ces that \�ou1 d  occur a s  a result of . • •  taxes or natural gas deresu 1 a t i on . "  

The a i r  qual i ty i mpacts o f  th is  p rogram were con s i dered on  an A i r  Qua l i ty Control 
Reg i on bas i s .  The ana l ys i s  techni que u sed is d i scu ssed in Section  5 . 2 . 4 .  I f  
S i ti ng takes pl ace i n  a reas which  a re now i ndustri a l i zed , the emi ss ion  factors 
u sed i n  the analys i s  are l i kely  to be too h i g h ,  resu l ti ng in a conserva tive 
analys i s .  A further d i scuss ion of  s i ti ng in  non-atta i nment a reas is conta i ned i n  
Secti on 5 . 2 . 4 .  

Uni ts wh i c h  cannot meet a i r  qual i ty s ta ndards wi l l  b e  e l i g i b l e  to 
app ly  for an envi ronmenta l exempti on .  Porta b l e  package u n i ts ,  
such  a s  those genera l l y  used i n  o i l produc t ion  are l i ke l y  to 
app ly  for exempti on  u nd er FUA because  of economic  and env i ron
men ta l constra i nts . The subject of u n i ts in the 50- 1 00 m i l l i on 
Btu per hour range w�s further addressed i n  Comment 2 5  on 
p.  1 2- 27 . Many of  the un i ts descri bed in the comment are 
exi st i ng u n i t s  and subjec t  to d i fferent exempti ons and 
proces s i ng under FUA than new u n i ts wou l d b e .  

r-.) 
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Caljfornia Energy Commi ssion (conti nued ) 

�s statement Is fal laclou s . i n  several respects : 
- It totally i gnores the massive costs of Fuel s Decision Reports requ i red 

by ERA in the proposed regulati ons ( but not in the Act) . One Ca l i fornia 
!- t  

company has cited I ,OOO,QOO a s  the cost for � FOR under the proposed 
c FUA regulations. 

� The costs of the taxpayer for E RA ' s  l arge, new bureaucracy are ignored . 

# Natural gas .!! being deregulated , under l egisl ation ignored by the Draft 

EIS. U:atural Gas Policy Act) 

9. Tabl e 1 . 3  ( pages 1 - 1 (j  and 1 - 11 ) 

As d i scussed in previous comments , the ,Draft EIS is not a worst case 

analys i s .  Al l "envi ronmental residuals" in Table 1 . 3 are therefore too 

sma l l  and are mislead i ng  s i nce they attempt to convince the reader that 

the proposed ' regulations will  have only mi nor environmental im�ac ts. 

No health effects from coal combustion are pred i cted , an obv i ous omission 

of the most probabl e concern of people who wi l l  be affected by coal 

conversi ons . 

DOE bel ieves th i s  convnent is m i s l eaaing . DOE ant i c i pates that the cost estimates 
for preparat i on of the Fue l s  Dec i S ion Reports wi l l  vary substant i a l l y . However, DOE does not i ntend for companies to spend $1 ,000 ,000 in prepara ti on of the FOR. 
I t  should be further noted that if compa n i es owni ng the affected powerpl ants and 
i ndustr i a l  boi l ers comp l y  w i th the i ntent of the Congress and do not apply for 
exemptions to combust o i l  or natural gas , they wi l l  not have to fi l e  the Fue l s  
Dec i s i on Report. 

In regard to ERA ' s  " l arge new bureaucracy , "  the Fuel Use Act wi l l  be prima r i l y  
impl emented by u s e  of ex i s ting government personnel a n d  a sma l l  addi tional staff . 
Thi s  wi l l  mi nimize any add i t i onal costs to the taxpayers . 

The Natural Gas Pol i cy Ac t has the potenti a l  to deregulate gas by 1 985.  The 
economic and envi ronmental impacts of such deregulation wi l l  be addressed i n  Envi 
ronmental Impact Statements by the Department o f  Energy and the Federal Energy 
Regul atory Commi s s i on .  These E I Ss wi l l  be publ i shed i n  the near future . The 
impacts of the Natura l Gas Po l i cy Ac t are not expected to a l ter the impacts of 
the Fuel , Use Act as projected in the wors t-case ana l ys i s .  

8ased o n  the responses to previous comments , i t  i s  fel t  that a wors t-case analy
s i s  has been performed . 

The effects on human heal th from coa l combustion a i r  emi s s i ons ( i . e .  S02 ' NOx , CO , 
CO2 , hydrocarbons , photochemical oxi dants and parti cul ates , i nc l ud i ng sul fates ) 
and trace el ements are presented i n  Section 5 . 9 . 5  and briefly i n  Append i x  E ,  
Section E . 2 . 6 .  Human morb i d i ty and morta l i ty attri buted to coal combus tion emi s 
s i ons are presented qua l i tati vely for coal u s e  i n  genera l , not spec i fi ca l l y  for 
the proposed acti on . Hea l th impacts due to the program are recogni zed but due to 
the uncerta i n ty i n  the estimates of heal th effects from coal combustion a quanti 
tative assessment has not been i nc l uded . Recommencations for mitigating poten
tia l  hea l th effects from coal use i nc l ud i ng the proposed acti on are presented i n  
Section 5 . 9 . 9 .  
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Cal i fornia Energy Commi s s i on (conti nued ) 

10. Page 1 -13 

The Draft EIS states that ·one of the sfgnf ffcant posftfve fmpacts of the 

FUA fs fncreased flexfbf l f ty  fn decfsfons regarding n�tural gas curtai lment • • • •  • 

In fact, the natural gas savfngs attrfbuted by the Draft EIS to FUA w11 1  

. proba�ly occur due to ti • .r changes f n  t he  energy source market brought ab.lut 

IIr the Natural Gas Pol fc), Act rather than frOll FIlA. Therefore, one of the 

·stpfffcant posftive flllPacu" of FUA fs no longer Yllfd. Furthennore, 

recent DOE pol fcy encoura�es the use of natural gas fn power plants .hfch 
is contrary to tile assUIIIPtfons fn the EIS. (See Specfal Rule for T-.porar)' 

Publ fc Interest, 44 FR 1694, Jallllr)' 5, 1 978) . 

1 1 .  Table 1 . 5. page 1 -1 2  

This tabl e fs also erroneous, for t he  s _  reasons dfscussed fn COlllllent 1 0  

llIove. 

1 2. Page 2-5, last paragraph 

The Draft £IS asserts that negative fmpacts assocfated with coal use .nt 
be mfnfmfzed by compl fance �fth envfronmental regulatfons . 

ERA proposed regulatfons , however, actually rl!quest and encourage a 

caabustor to obta fn a relaxatfon of the appl fcabl e rules .  (10 eFR 

SOC.23(b)(2) and (4» . If the EIS assumes fn f ts ... lysfs that 

flc11ftfes w111 comply wfth applfcable envf ronmental reGufrements . 

the fmpacts wfll  be understated from those occurrfng from the imple

.. ntatfon of the proposed regulatfons. 

The Natural Gas Pol i cy Act ( NGPA) and the Fuel Use Act ( FUA) have compl ementary 
objectfves ( see response to comment by U . S .  Envi ronmental Protection Agency , 
p .  1 2 -1 5) .  For these reasons , there i s  no f i rm  basi s  on which to demonstrate 
that gas curtai lments on the order of 1 976-1 977 cannot recur and that the flexi 
bi l i ty needed wi l l  be solely due to the FUA or the NGPA . DOE continues to prefer 
that i ndustrial  faci l i ti es and el ectric uti l i ties use coal or other al ternate 
fue l s  rather than ei ther o i l  or natural gas . 

The table has b •• n r�v 1se-j b'Jt the a l ternati ves do not '!!flect � chang, ln the bas lc  concluslons that the bene f i ts of FUA outwe l gh the negat i ve lmpacts. 

Emi s s ion es timates used in model i ng envi ronmental impacts were based on envi ron
mental regulations in effect at the time the EIS .as written. Al l future regula
tions wi l l  be at l east as  stri ngent as the assumed regul ations . I f  compl ete 
relaxation of a l l  future envi ronmental regulations i s  obta i ned, no emissions 
greater than those assumed in the envi ronmental mode l s  wi l l  occur . The environ
mental impacts of the Act are thus not understated . 

", I W 
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Cal i forn i a  Energy Commi s s i on (cont i nue d )  

13. Page 2-6, Section 2 .4  

The rel a t i ons h i p  of FUA t o  other Federal actions i s  inadequately 

descri bed. As noted prev i ou s l y ,  nlajor provis ions of the Ilationa1 Energy 

Act such as the Natural Gas Pol icy Act were ignored by the Draft E I S .  

CEQ regulations for prepara t i on of EIS documents require tha t a n  E I S  

carefu l l y  consider these other closely rel ated Federal actions.  

14.  Page 2-1 1 ,  s ixth paragraph 

The Draft E IS states that no i ncreased coal u se was attri bu ted to an 

AQCR if there were no l arge ( grea ter than 1 00 mi l l ion Btu) combustors . 

/J$ .noted previously , this  assumption i s  erroneous since ERA ' s  regu l ations 

prOjl<lse �o include small cOr.1bustor s .  

Simi l a rly,  paragraph seven erroneously excludes small combustors with 

low l oad factors from the Draft E I S .  I n  rea l i ty ,  Ule proposed FUA 

regu l ations w i l l  impact smal l combustors such as canner i es t ha t  have 

very 1 0" annual l oad factors .  The E I S  therefore understates the impacts 

of the proposed FUA regul ations . 

1 5. Page 3-1 , f i fth paragraph 

The Draft E IS a ssumes that " Ex i s ting  uti l i ties w i ll not be a ffected by the 

proposed action . . .  " s i nce they "ere a l ready analyzed under the old coal 

conver s i on program . 

Thi s  assumption is contrary to the proposed regu l a tions . 1 0  CFR 504 

subparts D and E requ i re s tr i n gent tests to be passed before a 

temporary or permanent exemption w i l l  be granted to ex i s ting power 

plants. For exar.1p1 e ,  10 eFR 504 . 21 (a) (2)  requi res Ulat the substan
ti al ly exceeds i ndex (apparently 1 . 5  i n i tia l ly ) be used to justify 

DOE agrees that the synergi stic  effects of overl apping Federal acti ons shoul d be 
taken i nto account and these were i ncl uded i n  the model i ng effort.  However ,  i t  
does not agree that the i mpl ementation o f  the Natural Gas Pol icy Act represents 
such an overl a p .  Add i t i onal comments on gas s uppl i es and the Natural Gas Pol i cy 
Act are addressed i n  comments to the USEPA and the Cal i forn i a  Energy Comm i s s i on 
( comment regard i ng page 1 -3 ) . 

See response to corrrne n t  by Ca l i fornia Ene rgy Corrrni s s ion comment regard i ng page 1 - 1 ( p ,  1 2 - 2 7 ) ,  

The FUA provi des flex i bi l i ty for combustors wi th respect to l ow annua l l oad 
factors . The as sumption of a 60 percent capaci ty factor mentioned in the 
regul a ti ons can be rebutted . Th i s  wou l d  affect the appl i cation for any 
exemptions . 

N 
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Cal i forn i a  Energy Commiss ion (con ti nued ) 

lack of a l ternatfve fuel supply .  Si nce purchased power, or for that 

matter a number of a l ternate fuel s ,  may be considered ava f lable ff the 

index is set at this l evel , ft  seems probabl e that some exi stfng facf l ftfes 

wi l l  be forced to use coal or a l ternate fuel s .  This assumptfon f s  contrary 

to the assumption fn the E IS whfch means the impacts from the proposed regu

lations are again underestimated . 

16. Page 3-1 , fi fth paragraph 

The Dra ft E IS a ssumes that l arge natural gas-us fng utfl ftfes wi l l  elect the 

·Systems Compl iance Opt ' ·" . "  

I n  real i ty ,  due in part to recent DOE pol ic i es ( see 44 FR 1 694) large 

natural gas-using uti l i tfes wi l l  be USing more natural gas than projected 

in the EIS. In add ftion ,  ERA ' s  system compl iance regulatfons are so 

burdensome that most utf l f ti es wf l l  probably not elect to fi l e  for the 

option. 

Most uti l i t i es meeting economic ,  envi ronmental , and rel iabi l i ty cri teria  
recei ved orders under ESECA. Some uti l i ties  were not i Ssued pro h i b i t i on orders 
due to percei ved economic ,  environmental , and other probl ems s imi l ar to those 
exemptions i ncl uded in the FUA . The rema i n i ng uti l i ti es with  a potential  to be 
affected by the FUA between now and 1 990 are negl i g i b l e ,  based on pages 57 and 
58 of the Regul atory Ana l ys i s  (see next response ) .  

DOE ' s  regul atory ana l ys i s  of the proposed regul ations (Ana �ysi8 of Proposed U . S .  
Department ·of Energy Regu�ations Imp �ementing the Powerp �ant and Indu8 tria � Pue � 
Use Act . DOE/E IA-0102/2 1 , November 1 978) notes that total uti l i ty fuel use and 
uti l i ty coal use in 1 990 wi l l  be v i rtua l l y  i denti cal  w i th or wi thout the Systems 
Compl i ance Option . The ma i n  impact of the Option wi l l  be to a l l ow conti nued use 
of some gas rather than requi ri ng a ful l  s h i ft .  
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Cal i forn i a  Energy Commi s s i on (conti nued ) 

17. Page 3-2 , Section 3 . 2 . 1  

This entire Section, which l i sts the assumptions upon �hich the Draft EIS 

is  based , i s  erroneous and out of date. Emi ssions and impacts from FUA are 

therefore not correctly predicted : 

_ Natural gas prices wi l l  not remain control l ed ,  nor wil l  Io'Orld 0 1 1  

prices rema i n  constant. 

_ Environmenta l and ECono�ic exeMpt ions wi l l  not rea l ly be ava i l abl e 

if ERA ' s  proposed fUft regulations become effective. Since ERA ' s  

proposed regu lations requ i re a final Determination by EPA o r  the State 

on In envi ronmental permit, most appl icants w i l l  � el ect to invest 

two yelrs and substantial funds i nto obta ining an EPA turn-down , 

only to be possibly rejected by ERA. furthermore, if ERA's  substan

tial ly exceeds index remains high (e. g . ,  1 . 5- 1 .8 or more, IS proposed ) 

it is unl i kely that anyone wi l l  receive In econonrlc exemption. The 

Draft EIS a ssumes an approximate 1 . 4  rltio (footnote I • •  pages 3-7 ) .  

18. Plge 3-5. third paragraph 

The Draft EIS a ssumes that bo i l ers in nonatta inment areas are exempt from 

�he program. However, the proposed regulations choose an opposi te approach 

�ich would make .nvi ronr�ntal exemptions a lmost impossibl e to obtain. 

Again the impacts of the proposed regulations are understated i n  the EIS. 

See response to comments b y  Ca 1 i forn i a Energy Commi s s i o n  regardi ng p a g e  1 - 1  ( P .  1 2-26) . 
Envi ronmental and economic exempt ions w i l l  be avai l abl e under DOE ' s  FUA 
regu l a t i ons . The " su b s tant i a l l y  exceeds" cri terion used in the E I S  to 
reflect a wors t-case analys i s  was s e l ected to bring v i rtua l l y  a l l  new 
i nd u s t r i a l  fac i l i t i es w i t h i n  the scope of the program. The i ndex was 
desi gned to i nc l ude a l most a l l  exemp t i ons appl i cants , and therefore 
reflects the potenti a l  d i f fi c u l ty in rece i v i ng an ecooom i c  exemp t i o n .  
T h e  poten t i a l  appl i cants can elect not to be processed through t h e  FUA 
system by combus t i ng an a l ternate fuel . Shou l d  the appl icant decide to 
combust o i l  or natural gas , an FUA exemp t i on wi l l  be needed i f  the 
fac i l i ty fal l s  wi thi n the l i mi t a t i ons o f  FUA coverag e .  

The assumptions concerni ng s i t i ng i n  non-atta i nment areas are expl a i ned i n  
response t o  EPA, page 1 2-9 . The impact of s i t i ng coal combustion fac i l i ti es i n  
non-atta i nment areas i s  d i scussed i n  Secti on 5 . 2 . 4 .  
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Cal i forn i a  Energy Commi ssi on (conti nued ) 

19. Page 3-6 , Section 3 .2 . 5 .2  

The Draft EIS assumes a l l  combustors in  nonattainment a reas are "auto-

matica 1 1y  exempt" from the program. �s noted prev i ously , this assumption 

" fal se.  

20. Tabl e 3-2 , page 3-7 

Thi s tabl e is in  error, due to the false  assumptions d i scussfd above. 

21 . Environmental Consequences of the Proposed Act - Section 5 

For ease of eval uation our comments on the sections w i l l  be d i scussed by 

technical area rather than by progressive pl acement in the document. 

A. Air '�ua l 1 t y  

As we have pointed o u r  earl � e r , t h e  EIS d o e s  not d e s c r i b e  t he 

:Jnpa c t s  of t he prop o s ed regulat i o n s . �loreover , b a s e l i n e  c o n d i t i o n s  

� d  b a s i c  a s s ump t io n s . were incomp l e t e  a n d  inac curat e ,  part i c u larly 

�:om Ca l i forn ia ' s  perspe c t i v e . The three cri t i cal air p o l lut ant s 

!:::l thi s s t a t e  are o x �dant s ( o zone ) , TSP and s u l fat e s .  We b e l ie v e  

��at c o n v e r s i o n  to coal c ould aggravate the e x i s t ing w i d e spread 

�olat ions for t h e s e  t hree p o l l u t an t s .  This i s  b e c ause c o a l  com-

�us t ion gener a l l y  produ c e s  more NOx ' S0 2 ' and part iculate emi s s ions 

�an doe s eil or gas combust ion , as suming BACT in a l l  c a s e s .  

The EIS s t r e s s e s  hydrocarbons a s  a key fac t o r  i n  o z o n e  forma t i o n  

;�.  4-1 , 4 -2 ) .  Whi l e  t hi s  i s  true , NOx i s  a l s o  a � e y  fac tor in t h e  

��rma t i o n  o f  o z o n e , a n d  no e s t imat e s  were made of o z one c o n c e n t r a t i o n  

!:.nc r e a s e s  d ..le to increase " ·  NOx emis s io n s . 

TSP i s  a p r o b l em t hroughout much of C a l i fornia , w i t h  many areas 

exc eed ing concentrat i o n s  o f  100 ug/m3 ( t he nat ional ambient TSP 

�andard ) for 2 4-hour averaging p e r i od s , s e veral t ime s each year . 

See response to Comment 1 8  above . 

For the reasons c i ted above , DOE bel i eves the tabl e i s  correct .  

The text h a s  been modi f i ed to i nc l ude a d i scuss i on of t h e  potentia l  impacts o f  
the Act on NOx concentrati ons . In th i s  rev i s i on ( Sec . 5 . 2 . 4 ) , i ncreased NOx 
production and potent ia l  impacts a re d i scussed . 

Al l bdse-cdse proj e c t i o n s  d S sume o n l y  anthropogen i c  sources . cug i t i ve d u s t  
l e v e l s  from s o i l  cover were n o t  cons i d e red . ihe  wors t - c a s e  b3.se l i ne a s sumed 
thdt the n d t i o n a l  amb i ent is? s tandards I .... ere j u s t  b e i ng me t .  Assump t i ons 
perta i n i ng to non- a n t h ropoge n i c  s o u r c es �ou l d  req u i re e s t i ma tes t h a t  are beyond 
the pres ent s ta t e -of- the- a r t .  

N I 
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Ca l i forn i a  Energy Commi s s i o n  ( conti nued ) 

� EIS uses a "worst case" bas e l ine TSP concentrat ion o f  7 5  ug/m
3

, 

� c h  is unrea l i s t i c a l ly low . We sus pect that this is true for ot her 

�ces within the U . S .  
The numerous problems derivec from sulfates were c omp let ely 

r.verlooked in t he EIS . S02 produced by c oal combus t ion could con

�ibute to t he s e  problems s i gni fic?nt ly . While there are no national 

�� i ent air qua lity st andards for sulfat e s , t he det rimental health 

:':�fec t s  o f  t hi s  pollutant are wid e ly recogn i z ed . None of t hese 

·'·"re d i s c u s s e d . 

The mod e l i n g  approach used in t h e  E I S  was t o  det ermine changes 

in annual average amb ient air quality in ent ire air qua l i t y  control 

regions a s  a result o f  t he implementation o f  the proposed regulat ions . 

Thi s approach is defended by s t at ing t hat locali zed impac t s  will be 

addressee on a case by case bas i s .  This i s  an unacceptable method 

of analysis simply because t he maj or air quality problems wi l l  

most ly b e  for short-term periods under adverse meteorol ogical con-

ditions . This means t hat amb ient standards for short averaging 

t.1mes ( e . g .  one-hour , twent y-four hour ) are completely overlooked . 

V10lation3 o f  such short averaging t ime standards w i l l  mos t  c e rt ainly 

be the primary obstacle t o  e i t he r  conversion to coal o r  c o nst ruct ion 

. � new coal fac i l i t ie s .  To dismiss this prob lem a s  a c ase-by-c a s e  

��s �e i s  overly s i mp l i s t i c  and fai l s  t o  g e t  t o  the heart o f  t he 

matte�. Relat i ve to this i s s ue is the s t at ement on page 3 -6 t hat 

�or purposes o f  t he EIS , combust ors located in nona t t a i nment areas 

Mere " t reat ed as automat i c a l ly exempt from t he program . "  No 

�1m!lar exempt ion i s  " automat ically" granted und er t he regulati ons 

A d i s c us s i on o f  the e ffects o f  s u l fates is contai ned in a text rev i s i on i n  
Sec t i o n  5 . 2 . 4 .  Al so , s e e  response to Commen t  9 ,  p .  1 2-30.  

V i o l a ti ons of short-term pol l utant standards a re genera l ly a l ocal  phenomenon . 
The pred i ction of such v i ol ati ons i s  s i te-spec i f i c ,  a nd wi l l  be addressed by 
appropriate regul a tory agenc ies  before coa l combustion i s  a l l owed . 

N 
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Cal i forn i a  Energy Commi s s i on ( conti nued ) 

',fur: fac i l it i e s  locat ed in nonattainment areas . If coal conversion 

��ted in preventing t he att ainment or maintenance of ambient air 

quaIlty s t andards , t he source would have t o  e i ther shut down t o  ob-

tairt expensive , hard-t o-obt ain emi ss ions tradeoffs . 

Pinally , t he EIS did an inadequate a s s e ssment of impac t s  on PSD 

areas o f  all c lass e s .  Only increas e s  in annual average pollutant 

conc entrat ions were p redicted , and it is quite l i k e l y  t hat short 

averaging t ��e impac t s  w i l l  be much more s i g� i r i c ant and more l i k e l .' 

to cause violations o f  allowable PSD inc rement s .  

We b e lieve t hat t he EIS waives t he mo s t  important air qua l i t y  

i s s u e s  affect ing t he nat ion ' s  air qual ity . The EIS should e xamine 

typical case-by-case e xamp l e s  in crit ical air quality control regions . 

These examp les should be in a variety of di ffe r��t areas t hrough-

out the Uni ted States where several types and s1zes of fac i l i t i e s  

are examined under worst c a s e  me t eorological condit ions . 

B .  Pub lic Health 

Wit h  regard to public hea l t h ,  t he EIS uses diffi c u lt ies in 

exp l i c i t ly quantifying dose-response relat ionships b etween air 

pollutan t s  and human health as an excuse t o  virtually ignore this 

area o f  concern . In add i t i o n ,  t he unique nature of coal fly as h ,  

(in t erms o f  s i z e  a nd  t herefore ability t o  penetrat e t o  t h e  deep 

lung ) and t he toxic and carcinogenic sub stances assoc iat ed with 

it , are not adequat e ly treated . The impl icat ions t o  pub l i c  heal t h  

from air emi s � ions resulting from the interpretation o f  t he regulatio�s 

VB . the status quo i s  absent . 

The text has  been mod i f i ed to further assess the pote n t i a l  impacts of the Act on 
non-atta i nment areas ( s ee Sec . 5 . 2 . 4 ) .  Increased coal use i n  non-attai nment 
areas was not i ncl uded in the energy model i ng ( see Sec. 3 . 2 . 1 ) ,  but was i nc l uded 
in the analys i s  of e n v i ronmental impacts . 

Al l app l i cab le  federa l , s tate ,  and l ocal a i r  qual i ty regu lat ions must be met 
before coal combustion i s  a l l owed .  See response on previous page ( 1 2-36 ) .  

DOE bel i eves that such a n  ana lys i s  wou l d  serve no va l i d purpose . The document 
as sesses the reg ional and nati onal impacts of the Act . Local effects wi l l  be 
determi ned on a case-by-case bas i s  by the proper reg u l a tory authori ties before 
coal combustion beg i ns .  

See response to Comment 9 ,  p .  1 2-30 . 
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Ca l i forn ia Energy Commi s s i on (conti nued ) 

Further, t he conclusi ons and d i s c u s s ions pertaining to air 

pol lution heal t h  effe c t s , inc luding but not limited to , acid fal l -

out , trace element s ,  rad ionuclides and h e a l t h  t.plicat i ons o f  

increased c o a l  c omb ust ion t hroughout t he nation are insuffic ient . 

Spe cific Comments 

Heal t h  e ffec t s  are l i s t ed as a " minima l "  impact on page 1 - 1 2 ,  

Tab l e  1 .  5 .  Thi s  requires a j udgement t hat the fatal and non-fa tal 

inj uries related to ext rac t i o n ,  c l eaning and transport at ion o f  coal 

( e s t imated in the report ) ,  and those relat ed to c omb ust ion and 

waste d i sposal whi c h  are spec ific a l ly not est imated in t he report 

are "minimal . "  Based ' on the s t a t e  of knowledge , t he EIS should 

clas s i fy these effec t s  "discern i b l e "  o r  as s i gnific ant . "  This i s  

appropri a t e  given t h e  definitions l i sted in Table 1 . 4 .  

The discuss ion of Tot a l  Suspended Part iculate ( TS P )  in t he 

exist ing environment fai l s  to di fferentiate between t he s i z e , 

chemical c omposition and henc e hea l t h  e f fec t s  potential o f  c oa l  

fly ash and o t her particulates s u c h  a s  dust . This i s  part ic ularly 

signi ficant in areas such as Califo rnia whi c h  currently does not 

have a s i gni ficant fly ash component in t heir ariborne TS P .  

� � o ·The conbustion air quality impact ana l y s i s  i n  Sect ion 5 . 2 . 4  

earl s  to address S0 2 transport and t ransformation t o  s u l fates 

Wfircb may have significant heal t h  impac t s .  

Section 5 . 2 . 4 ,  o n  page 5-� 7 ,  indicates t hat ground leve l S02 

values were used in health effe c t s  mode l s . The results of such 

mddeling have not been p re sented . I f  such modeling was done , t he 

resufts should be present e d ,  or an explanation of why t he results 

oct; ..such e fforts are not relevant o r  reliab l e .  

� - : ·Health effects impac t s  are only discus sed i n  the mo s t  ext remely 

generic fashion in S e c t ion 5 . 9 . 5 .  No real att empt has been made to 

relate the air  impacts quantified earlier i n  the EIS to health impacts . 

Di scuss i ons of rad i on uc l i des a re conta i ned i n  the responses to comments by 
the Col orado Office of Energy Conserva tion ( p .  1 2-45 ) ,  the State of New York 
( p .  1 2-60 ) , and the State of Oregon , D iv i s i on of State Lands ( P .  1 2-72 ) .  

The "mi n i ma 1 "  determi na ti on o f  hea 1 th effects stems prima r i  l y  from the overa 1 1  
i ncrease i n  coal producti on due to the program . Moreover , most coal demand due 
to the FUA is for suffi c i ently sma l l  quanti ties that the opening of new mines i s  
not justi f i ed .  Consequently,  the acc i dents expected wou l d  resu l t  primari ly from 
greater produc tion l eve l s  at exi st ing mi nes . Cause and effect wou l d  be d i ff i cu l t  
to establ  i s h . 

Increased occupati ona l  hea l th effects at combust i on s i tes wou l d  
res u l t  from the handl i n g  and combust i on o f  coa l rather than 
oi l or  natura l gas . The rel ati ve hazards were not judged to 
be di scerni b l e .  The ana l ys i s  of  publ i c  hea l th impacts refl ects 
DOE ' s  best estimate of s uch impacts. T he sma l l  vol ume of to ta l 
coa l use  wh i c h  i s  due to the prog ram and the manda tory 
compl i ance wi th appl icab l e  envi ronmenta l  s tandard s i nd i ca te 
the program wi l l  have "m i n imal " pub l i c  hea l th impac ts on  a 
nati ona l  and reg i ona l  bas i s . 

A d i scuss ion of the potential  impact of the Act on nati onal s u l fate l evels  and 
the potenti a l  i mp l i cati ons is conta i ned in Section 5 . 2 . 4 . 

See response to Comment 9 ,  p .  1 2-30. 
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Cal i forn ia  Energy Commi s s i o n  ( conti nued ) 

C .  Wat er Supply 

Sect ions 5 . 4 ,  6 . 2  and 7 . 2 ,  which address water resources impac t s , 

overlook a s i gnifieant potential impact of the imp l ement ation o f  

the regulat ions i n  California . Demands for power p l ant cooling 

wat er sup p : ie s  in t he state promise t o  b e  c onsiderably higher if 

new nuclear and/or coal-fired power p lants comprise mo st o f  t he new 

generating c apac i t y .  Such p l ants would 'mo st likely be s it ed inland 

using wet ,:o o ling t owers and requiring two t o  three t imes a s  much 

cooling water as oil-fired c oreb ined c y c l e  plant s .  Furthermore , 

repowering o f  exist ing c oa s t al fac i l i t i e s  and development of co-

generat ion proj e c t s  c an provide new generat ing capacity with l i t t l e  

or no increase in c o o l ing water requirement s .  The d i fferenc e in 

cool ing I'rat e r  requirement s between a high nuc l ear c ase and a case 

rely ing more heavily on repowering and cogeneration is est imated 

to b e  as mu,:h as 4 0 0 , 0 00 acre-feet per year by the year 2 0 0 0 .  This 

di fference i s  most significant , given t he increasing c ompe t i t i o n  

f o r  Cali fornia ' s  a s  w e l l  a s  t he West ' s  limited water supp lies 

whi c h  has already resulted in maj o r  opposition to new use o f  inland 

wat ers for p ower p l ant c ooling. 

22 . Page 6-1 , Discuss ion o f  Unavoidable Adverse Impac t s  

The inavoidable adve rse imp ac t s  o f  the proposed FUA regulations 

are not desc ribed adequat e l y  in Section 6 . 1  and 6 . 2  of the Draft 

E I S .  

As d i s c u ssed previously . enviro nme ntal residuals result ing from 

the proposed regulations wi l l  b e  greater than proj ected in the E I S  

due t o :  

The FUA has no s t i pul a t i ons regarding the coo l i ng cyc l e s  whi ch w i l l  b e  empl oyed 
on a g i ve n  s i t e .  Because the u s e  of coo l i ng water by conven t i onal o i l - ,  gas- or 
coa l -fi red pl ants i s  roug hly equal ( per u n i t of ene rgy produced ) , the Act wi l l  
not apprec i ably affect water consump t i o n  by powerpl ants . Furthermore , the Act 
is not expected tQ have any apprec i abl e impac� on fuel choice dec i s i on by power
pl ants s i nce these pl ants genera l ly are con s t ruc t i ng for coal comb u s t i o n  w i th 
or w i thout the Fuel  Use Act .  
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Ca l i forn ia  Energy Commi s s i on (conti nued ) 

The draft EIS omi s s i on of sma l l  combustors from analys i s  

The draft EI S ' s  failure t o  ana lyze a l t ernate fuels such 

as petro l eum coke 

The draft EIS ' s  failure t o  a t t ribute any emissions from 

eXist ing u t i l i t i e s  to the program 

The draft E IS ' s  failure t o  consider t he shortages of 

vater in the We s t ern United Stat e s .  

The draft EIS ' s  fau lty assump t ions r�rdins. &utomat io 

environmental e � empt ions in non-attainment areas . 

- � drar� EIS' a £ailure to analyze a high subs tantially 

exceeds index. 

- 2 3� Page 7-1 . Discuss ion o f  the Irreversible and Irretreviable 
Commitments o f  Re sources 

The coal proj e c t ed t o  be used i s  underest imated 

Water resources required are unde�est imated and not 

spec i fied . The EIS should make a realistic proj ect ion o f  

Wes t ern wat e r  requi remen t s  t hat would result i f  t he stringen� 

proposed regulat ions are adop t ed . 

The EIS fai l s  to consider t he consumpt ion o f  air emi s s ion 

offs e t s  t ha t  are required by t he proposed regulat ions . 

Since t he proposed regulations do � exempt non-attainment 

areas . o ffset s will be needed for fac i l i t i e s  t o  b e  located 

in these areas . 

These i ssues were addressed above. 

See response to Cal i forn i a  Energy Commiss i on comment regarding page 1 - 1 .  

The comment that coal proj ections a re underestimated i s  based on several earl i er 
comments that a worst-case ana l ys i s  was not performed . As i nd ic�t.ed i n  prev i ous 
responses , a maxi mum annual production of 1 29 mi l l ion tons projected for FUA 
b�g i nn ing in 1 990 is a worst-case proj ec ti on .  

I n  a gener i c  ass essment o f  th i s  nature i t  i s  not pos s i b l e  to pro v i d e  deta i l ed 
asses sments of l oc a l  or s i te-spec i fi c  impac t .  The DOE s tands beh i nd i ts 
analys i s  as an overv i ew of projected impacts to major reg i ons and to the 
country as a who l e .  Al though the overa l l  effects of the a c t  have been 
judged to be m i n i mal . i t  is acknowledged that severe l oca l problems may 
OCcur.  i1any of thes e w i l l  be �ddressed i n  s ubsequent NE D,o. comp l i ance docurrents . 

A d i scus sion  of the  potenti a l  impact of the Act on the consumpt ion of offsets i s  
d i scus sed i n  Sect ion 7 . 6 .  
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Cal i forn i a  Energy Commi ss i on (conti nued ) 

2 1i .  Page 9-1 

The Draft EIS inadequately predi c t s  the relat ionshop between 

short t erm uses o f  .t he environment and the maintenance and enhance-

ment of produc t i·, i t y . 

Prime examples of inadequacy are : 

The second paragraph incorrec tly assumes natural gas 

"savings" due to the program. DOE ' s own rec ent policy 

statements r e fut e this argument . 

The se cond and third argument incorr e c t l y  as sume dis-

p lacement o f  imported o i l . Dome s t i c  heavy crudes will also 

be affe c t ed by the proposed regulations � 

2 5 .  No Act ion Alt ernat ive 

The no act ion (no regulatory program) i s  falsely premised upon 

a natural gas shortage that by DOE ' s own recent proj e c t ions i s  not 

oc curing and is not likely t o  occur through the mid-198 0 ' s .  ( Page 

1 0-1 ) Since the Nat ural Gas Policy Act was passed , the " base c a s e "  

used in t h e  dra fr. EI.: is Wlvalid and moo t : i ndeed , much of t h e  

"savings" c l aimed for the program will oc cur die t o  t he Nat ional 

Gas Policy Act , the market place and not FUA . 

2 6 .  Alternate Fuels 

The Draft fails to predict t�e impac t s  of the use of alternate 

fue l s , such as pet roleum c o ke and shale o i l , which a r e  proposed b y  

ERA in i t s  F U A  regulat ions . ( 1 0  CFR 5 0 0 . 2 ( a ) ( 7 ) ) . T h e  env ironmen� a l  

imp a c t s o f  t h e s e  fue l s ,  part icularly petroleum coke , may i n  fact 

exceed those o f  coal in many case s .  

DOE bel ieves tha t the subject i s  adequately  addressed i n  Section 9 .  

See response to USEPA comments about Projected Oi l and Gas Savi ngs ( p .  1 2-1 5 ) . 

The second and thi rd i tems l i sted i n  Paragraph 2 a re not "arguments " but i ndi ca
t i on s  of the envi ronmental impacts of i ncreased coal combusti on . 

From the perspec tive of conservation , the Natural Gas Pol i cy Act does not " save" 
gas , but it encourages suppl i ers to produce more natural gas . Only the Fuel 
Use Act actua l l y  " saves" natural ga s .  Only when al l prices are compl etely  
deregul a ted (an  a l terna tive far  from " no action " )  wi l l  the real scarc i ty of  
natural gas  and l i kel i hood of shortages be  known . 

A di scussion of petrol eum coke has been added to the text ( Secti on 1 0 . 2 . 2 . 5 ) .  Sha l e  
o i l  i s  d i s cussed in  t h e  ESECA Fina l  E I S ,  whi ch i s  referred to i n  Sec t i on 1 0 .  

-' 
'" 
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Cal i forn i a  Energy Commi s s i on ( cont i nue d )  

27 . Conservat i o r. 

The Draft gives only c ursory att ent i o n  to a c onservation 

alt ernat ive ( Page 1 0- 3 ) .  The Energy I n format ion Admin i s t rat i o n ' s  

e conomic ana l y s i s  o f  ?UA indicated t hat an " S O l  economic exempt ion 

level" ( ?age 87 , DOE/E IA-O I 0 2 / 2 1  Ana ly s i s  �emoranduQ) corresponds 

t o  a c o s t  of approximately $ 1 5  dol lars per barrel of oil saved 

under FUA . A number of cons ervat ion measures are viable a lter-

nat i ve s  t o  t he prop o s ed program at t h i s  cost level but were not 

discussed . 

2 8 .  Page 1 0 - 1 3  
Tab le 1 0 . 5  purport s t o  compare the Fuel C o s t  Penalty to Coal 

Consumpt ron but afsavows any relat f ons r fp to t he " s ubstantially 

exceeds ind e x " . 

The subs t antially exc eeds index is indeed a crit i c a l  parameter 

1n quali fying for an e xemp t i o n ,  yet it is not analyzed nor are the 

effe c t s  quant i f ied . Since t he que sti on of what is meant by '�ub

stnatially exceed s "  represent s a d i s cret i onary decis ion making 

opportunity for ERA , t he EIS should d i s c u s s  the opt ions availab le 

to ERA and t he i mp a c t s  a s s o c i at ed with each option .  

Moreover , i f  the E R A  pro c e s s  i s  t o  aid i n  agency d e c i s ion 

making , a l l  policy o p t i ons which the ERA has with regard t o  the 

Act and in draft ing �nd implementing regu l � � lon s ,  sh�uld be exp lored 

and evilu�teJ in the EIS i f  the d o cument is t o  fulfi l l  its s t ated 

purp o s e . 

See response to corrrnent of U . S .  Department of Hea l th ,  Educa t i o n ,  and Wel fare ,  
p .  1 2- 6 .  

The Fuel Cos t Penal ty descri bed in  Ta b l e  1 0 . 5  refl ects a va riabl e cost parameter 
wh i�h  is a substi tute for the " substanti a l l y exceeds"  i ndex . Actua l l y ,  capi tal 
and opera t i ng costs were eval uated as part of the mOdel i ng ,  and the 50 percent 
fuel cost penal ty refl ects a 44 percent tota l cost penal ty when capi tal and 
opera t i ng costs are i nc l uded . As can be seen from Ta b l e  1 0 . 5 ,  · the coa l use va r i 
ab le  i s  asymptot i c  a n d  t h i s  i ndex l evel captures v i rtua l ly  t h e  ent i re fea s i b l e  
un i verse that wou l d  b e  subject t o  the Fuel U s e  Act ,  i n  accordance wi th the worst
case ana l ys i s  taken by the E I S .  

N , . ." 
N 



COLORADO 

Offi ce of Energy Conservation 

-

Departmen t of Local Affairs 
':olorado Division of Plan n in� *' ��l Philip H. Schmuck . Director 

'. 

January 23, 1979 

Mr . Steven A .  Frank� Chief 
Environmental Evaluations Branch 
Division of Coal U t i l i zation 
Office of Fuels Regu la t ion 
Department of Energy 
2000 H Street N . W .  
Washington, D . C .  20461 

I M 1 ft  
Richard D .  Lamm , Governor 

SUBJECT: Draft Programmatic Environmental Impact  Statement 
Fuel Use Act 

Dear Mr . Frank: 

The Colorado Clearinghouse recently received the above-referenced Environ
mental Impact Statement and circula t ed it for review by interested s tate 
agencies . The enclosed commen ts of the Office of Energy Conservation 
resu lted from that review. 

Thank you for the opportunity to partic ipate in your decis ion-making. 

SE/CGJ /vt 
Enclosure 

cc: O f f ice of the Governor 
Office of Energy Conservation 

Very truly yours , 

�ifc7 
Stephen O .  E11i9 
Principal Planner 

520 State C�ntenniol Buil ding, 1 3 13  Sherman Street, Denver, Colorado 80203 (303) 892-2351 

N I 
."" 
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Col orado Offi ce of Energy Conservati on ( conti nued ) 

IIICHAAD D. I.AAN 
--

'to :  Clearing House 

From: 0 E C 

Date : January IS,  1979 

�_JbJyp)JJ 
OFRCE OF ENEAGYCONSERVATION 

DI!'!N'VBA BIJIES�ELL 
ov.ctor 

JAN 1 9  1979 
v.i. iJ!"- 1-" t:1lI . : 

Re :  THE FU EL  USE ACT , DRAFT PROGRAHMATIC ENVIRONMENTAL IMPACT STATEMEIIT 

This Ins appears to cover less .than 34 percent of the proposed new facili
ties affected by the Fuel Use Act if the initial definit ions and premises 
(Sec. 1 .  2 ;  p. 1-1) are taken literally. There is a contrad iction that needs 
clarifying if this EIS is intended tp meet all new facilitie s .  

Specifically, the ErS maintaiDt!I t ha t  " a  maximum number of f.�� 111tles 
would be designed for or would convert to coal or an alternate fuel . "  The 
alternate fuels are defined to include ¥Bste products from certain industries 
and the Ers then states that the "predicted impac ts of alternate fuels are 
Dot given due to uncertainty of their usage" . Then , the enumerated conclusions 
state that "!lpproximately 34 percent of facilities will be us ing coat or an 
alternate fuel by 1985 and the remaining 66 percent are expec ted to .ubstitute 
an alternate fuel by 1990. "  Hence ,  on a coal versus alternate fuel comparison, 
only 34 percent maximum of the proposed new facilities will use coal by 1990-
the remainder are alternate fuel fired. If this is the intended conc lusion, 
this EIS fails to consider at least two-thirds of the new facilities , but on 
p2-ll, it is stated that " most facilities would use coal as the alternate 
fuel and that coal is expected to be the overwhelming choice of alternative 
fuel . . .. . . .  " There is an obvious contrad iction in coal versus alternate fuels 
ill 8"�,,ral parts of thl s E15. 

Biomass (sec 10. 2 . 2 . 3) is one alternative fuel that is d ismissed by the 
DOE a8 having little lik�l ihood of major contribut ion by 1990 . While this 
.. y be 80 ,  there are certain specific sites that have considerable biomass 
potent ial .  The combined use of biogas with existing or possibly new nat ional 
gas facilities may prove to be more economical .  both fiscally and on a net 
energy basis, than coal-fired units. Variances allowing this full mixture should 
be part of tbe exemptions possible under the FUA. It is not obvious which of 
the catelorized exemptions listed on p. 2-2 and 2-3 such variances might be 
permitted. 

Inergy conservation programs are included as an alternative energy tech
nolo�y (lO. 1 . 4) and are d ismissed in 3 short paragraphs. Yet energy conser
vation via a net energy analysis for each proposed action in the FUA need not 
be considered as an al ternative but rather as an integral part of this program. 
This FUA EIS completely ignores net energy considerat ions ; it wou ld appear 
that an essential chapter is · missing. 

ODly in the air quality section (P5-9) are sue:, concepts alluded to sta
ting that 4 , 000 gallons of diesel fuel are required to transport 1 ,000 tons of 

leoD Downing SlrMl. 0.....,. Colorado 80218 (303) 83�2507 

The text has been rev i sed to i nd i cate that the choice of fuel s for both the 1 985 
and 1 990 time periods wi l l  be coal or an a l ternate fuel . T h i s  rev i s i on does not 
a l ter the a ssumpti on tha t coal is expected to be the overwhelming choice of 
al ternate fuel . Reca l cu l ation of the data i n  Ta b l e  1 . 1  has resul ted i n  a cor
rected estimation of the fac i l i t i es whi c h  wi l l  be u s i ng coal or an al ternate fuel 
due to the proposed action between imp l ementation and 1 985 .  and between 1 985 and 
1 990. 

The text ( Sec . 1 0 . 2 . 2 . 3 )  has been changed in response to thi s comment . 

See response to comment by U . S .  Department of Heal th . Education , and Wel fare ,  
p .  1 2- 6 .  

N I .j:>. .0, 



Col orado Off i ce of Energy Conservati on ( conti nued ) 

coal 1 , 000 miles. Such a ata tement t even though incomplet e ,  Is unique to this 
EIS and there is virtually no other inference to energy costs to meet the 
FUA programs and more importantly to maximize its effectiveness . 

Upgraded rail and road facili ties , new railroad cars , new boiler facili
ties, etc all require energy to he implemented . Yet energy costs are ignored . 
Population shifts and increase auto-traffic -were likewise mentioned but 
again with no energy analysis.  While these may he dismissed as one-t ime 
costs , the continual aspects of the FUA deserve serious study to maximize 
net energy content of the transported fuels . Transportation of western low 
sulfur , low BTU coal to eastern regions primarily to meet air quality 
standards is expected by this tIS .  Yet since the tIS concludes that the FUA 
won ' t  add significantly to existing air pollut ion or won ' t  be implemented in 
non-attainment areas, the addit ional transpor tation costs-on a net energy 
basis-versus the perceived benef its aren ' t  obvious.  The intent of the FUA 
is to miDi�ize oil and gas use. One means to achieve this is via a ca�eful 
analysis based upon net energy evaluations for each proposed action. Possibly 
an energy degradation figure should be considered . That i s ,  if the transpor
tation costs evaluated on an energy basis exceed a prede termined frac t ion of the 
total energy transported , the movement would be disallowed . 

Aga in, energy conservation is not an alternative to be dismissed but rather 
must be considered as part of each proposed ac tion . Only then can the t�ue 
intent of the FUA be met with maximum effect iveness. 

Furthermore, an energy accountability would help define the exemp tions 
permitted by this ac t .  It appears that an additional chapcer acdressing net 
energy concepts relating to FUA programs should be included in the f inal EIS . 

The news med ia has related certain fears this past year that increased 
coal combustion will lead to dangerously high radioactive concen t�at ions in 
some areas. Curiously, the EIS (sec 5 . 2) on air quality confines its discussion 
to SOx ' NO

x 
and particulate emission parameters and doesn ' t  mention radioactive 

particles . Yet the sppendix (sec E. 2 . 5 . 4 )  includes several tables l isting 
thorium and uranium content in various coal categories . The significance 
of these tables is missing in the d iscuss ion . Does omission of a radioactive
health hazard discussion imply no hazard? The EIS might be a good place to 
refute the news med ia changes , hazards are not . Regard les s ,  since radio
nuclides are considered in the append ix , a brief discussion appears warranted . 

An energy bal ance sheet cou l d  be prepared for the program compar i ng i t  to con
ti nued use of oil and gas . Such an approach i gnores both the economic  ba s i s  for 
fue l c ho i ce a nd the strategic  object i ves of the program. Such an energy bal ance 
a l so does not provide i nformation on envi ronmental effects . The regul ati ons 
req u i re cal cul ation of the econom i c  costs or convers i on ,  i nc l udi ng the costs 
associ ated wi th transport i ng coal , etc . Use of the net energy bas i s  cannot be 
the bas i s  for determi nation of the acceptabi l i ty of the FUA. 

Energy conservat ion , a s  dep icted in the Nat i onal Energy P l a n ,  was i nc l uded in the 
E I S  analys i s .  Energy conservat i on and the FUA are cons i s tent with each othe r ;  
therefore , energy conservat ion i s  not con s i dered an al ternative t o  the FUA program 
but i s  expected to compl ement the program . At th i s  time , quanti f i ab l e  net energy 
concepts--coa1 combustion , coal mi n i ng ,  coal transportation . al ternate fuel s--
have been addressed as reasonably as poss i bl e  g i ven the undetermi nab l e  s i te
spec i f i c  economi c ,  energy and envi ronmenta l i mpacts resul t i ng from the FUA program. 

Al though the concentra tions of natural ura n i um and thorium may be h i gh in spe
c i f i c  coa l samp l es (Table E . 1 1 , p. E-26) , the mean concentrat i ons both by regi on 
and by coal ran k  ( Ta b l e  E . 1 2 ,  p .  E-27)  a re w i th i n  the background ranges for 
vari ous types of rock as reported i n  NCRP Report No . 45 ( Nat ional Counc i l  on 
Radi a t i on Protection and Measurement 1 975 ) . F ly  ash  i s  expected to have rad i o
nucl i de concentrat ions of approxi mately ten times that i n  the coal ore ( Kl e i n  
e t  a 1 . 1 975 ) . The staff h a s  calcul ated reg i onal mean dose commi tments due to 
1 985 and 1 990 basel i ne coal use on the bas i s  of the above acti v i ties of natura l  
urani um and thor i um i n  coal and i n  f l y  a s h ,  and the a i r  concentrati ons o f  parti cu
l ates as i nd i cated on page 5- 1 7  and i n  F i gures 5-2 and 5-3 .  The regi onal mean 
dose commi tments from basel i ne concentrations are smal l with respect to the 
reg i onal natural background radi ation doses ( Nat ional Counc i l  on Radi ation Pro
tect i on and Measurement 1 97 5 ;  U . S .  Nuc l ea r  Regulatory Commi s s i on ) . T he i nc re
mental i nc rease in dose commi tments due to i nc reased fuel use ( based on F i g s .  5 . 4  
a nd 5 . 5 )  a re very sma l l  i n  compari son t o  the base-case dose commitments . 

References 

Nati onal Counc i l  on Radi ati on Protection and Meas urement ( eds ) .  1 97 5 .  Natural 
Background Rad i at ion i n  the Uni ted States - Recommendati ons of the National 
Counc i l  on Radi at ion Protection and  Measurement. NCRP Report No . 45. 

Kl e i n  et a1 . 1 97 5 .  
Power Pl ants . 

Pathways of Thi rty-seven T race E l ements Through Coa l - F i red 
Envi ron . Sci . Techno 1 . 9 ( 1 0 ) : 973 . 

U . S .  Nuc l ea r  Regu l a tory Commi s s i o n .  Genel" i c  Envi ronmental Impact Sta tement on 
Uran ium Mi l l i ng ,  USNRC , NUREG-0511 , j.r, prt'!parul,inr . 
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ILL INO I S  

Department of Conservat i on 

IITATI: OP ILUHOIa 
UEam\'E ot'FIQ OF 'IBI: OOYEllNOll 
BUREAU OF 11IE BUDeET 

.......... IILD .. ,.. 

February 13 ,  1979 

!Ir. Steven A. Frank, Chief 
Environmental Evaluationa Branch 
Divi8ion of Coal Utilization 
Office of Fuela legulation 
Departllent of Energy 
2000 K Street , N.W. - Hm. 7202 
Waahington, D.C. 20461 

Dear Kr. Frank: 

IE: Draft Progra_tic Envir ....... ntal Impact Stat_nt : ruel U •• Act 
DOE/EIS-0038-D 
SAl 178 1 1  28 61 

The Illinoia State Clearinlhou.e vi.hee to reviae ite January 8. 1979 
letter concerninl the ahove referenced eubJec t .  Attached are ca.mant. 
from the 11l1noia Department of Conservation vIoich ehould be included in 
the final EIS . 

Thank you for your cooperation . 

laapectfully yours. 

T�±=�� 
lllinoie State Clearinlhouae 

TEH/l1 

Aftadaent 

I'\J I .. !!'a m 



Il l i noi s Department of Conservation ( continued) 

illinois " Department of eonservatlon W lifeand land 1ogethel' 

606 WM. G. ITRATTON BUILDING .400 SOUTH SPRING STREET .SPRINGFIELD 62706 

CHICAGO O •• ICI _ ROOIII lillO, 1111 NO. LASALLE 6D&Dt 
D,vid KlnnlY. Director . J.m .. C. Helfrich, AlIi,t.nt O'rectOf' 

Ma. Linda lmpson 
Illinois State Clearinghouse 
Bureau of the Budget 
Springfield , "IL 62706 

Dear MB. :.mpaon : 

February 5, 1979 

Re : Fuel Use Act Draft prograDDatic 

Environmental Impact Statement 

178 11 28 61. 

The DepartIilent has received su.aary information on the above referenced subjec.t. 

Aceordjng to our review of these materials , we feel that one important case may 

not hE e been fully ex_ined in the aaaeument of environmental impacts by coal 

supply reSion. 

In de.cr ibina the methodology used to evaluate energy "impacts of the program, 

certain 81mpllfy101 assumptions were reportedly made 1n order to arrive at a 

maximum figure for total coal subatitution. No provision has been explicitly 

made for the regional effects on local demand of a US EPA policy decis ion to 

reviae the Federal Ne .. Source Perfonumce Standards to reflect the Best Available 

Control T.chnology (BACT) for reduc1ns sulfur emissions . Although BACT waa 

assumed for calculat ions of projected maxtaum all and gas savings , and for the 

calculation of aounts of .. aate 8crubber sludge and fly ssh, tha results of this 

a,.UDlpt ioD yO Dot sea to have been accounted for in tLle projected r.>roJuc.tion 

expected to re.ult in various supply uSion • •  

Coal Supply Region 4 ,  which includes 111i1>oi., hee lerse reserves of high sulfur 
coal that are projected to becoae relatively more economically attractive than 
lower sulfur Westarn coal. 88 a result of thia envir�tal policy decision. 
This 18 a conclusion reached in an analysi. conducted at Argonne National 
Laboratory'. Energy end Environmental Syat ... Division (Arsonne report ANL/AA-16) . 
If the b .. s aDd propoeed action c .... hava 1>ot accounted for the interactive 
eff.ct of a 8trinaent BACT policy , the --.nitude of coal production lap.cta in 
RaSioD 4 will h"". b .... uncJ.r.atlllatad, ... we racOllll8ftd thet th1a c .. a ba 
....tDad iD che FiDal lIS. 

Gi ven the s impl i fying assumption of New Source Performance Standard stated i n  

Section 3 . 2 . 3 ,  the di stributional pattern of the i ncremental coal demand by major 

fuel-burning i ndustries as a resul t  of the proposed action i s  estimated based on 

the data from the BOM coal flow matrix  ( see Comment 2) . I t  woul d  be expected 

that the i ncremental coal demands generated by the major fuel-burning i nsta l l a

ti ons are radical ly di fferent from the total coal demand projected by the report 

ci ted ( ANl/AA-l 6) . The regional basi s  in the ANl report i s  a lso di fferent from 

the FUA [ I S .  Compari son of the projected energy supply of FUA Supply Region 4 

and the Midwest Regi on i n  the ANl report demonstrates the di fferences of regional 

bases and the variations i n  the assumptions associ ated wi th emissi on standards 

( see Table 3 . 9  in FUA and p .  2 i n  the ANl report) . Because of the d i sparate 

assumptions in the c i ted reports , di fferences i n  coal demand projections would be 

expected . 

N I .t>o ....... 



ll l i no i s  DepartlT1ent�of Conservati on (conti nued ) 

Ha .  Linda Impson 
February 5 ,  1979 
Page Twe 

With the exception of the above, we find this Draft EIS adequate in its treatment 
of issues and "examination of alternat ives . Thank you for your attention. 

SWH : j u  

KANS�� 

Sincerely, 
/ '  ·�--:�·:'A··��";;:/1(:'(·. 1 -y/ 

St�ven W. �arrison 
Division of Planning & Design 

Forestry,  F i sh  and Game Commiss i o� 

OPEnr,TlONS R ?  

:7 JNI 79 }J �:; 

Director 

S T A T E  OF K A N S A S  

::Depal'lmenl 0/ � AJmillidiraiion 
DIVISION OF STATE PLANNING AND RESEARCH 

Hh floor-Mills Building 
107 W. 9th 

Topelu.. Kan5u 66612  

January 10, 1 9 7 9  

R�: Fuels Uae Act - Draft 
Environmental Statement 
SAID :  6385 - DES 

()!/ 

U .  S .  Dept . of Energy 
Economic Regulatory Admn. 
Office of Fuels Regulat ion 
Washi�gton, D . C .  20461 

Reviewed by: Fish & Game, Park & Resources 

N I � Q) 



Kansas Forestry .  F i s h  and Game (conti nued ) 

The referenced project has been processed by the Division of State Planning 
and Research under its clearinghouse responsibilities descr ibed in Ci rcular A-9S. 

After review by interested state agencies it has been found that the proposed 
project does not adversely affect state plans. There has he�n concern expressed 
by the Kansas Fish 6. Game Commission. and Park 6. Resources Aythority . 
regarding final plans and speci ficat ions for construction. Should this proj ect 
be funded by U .  S .  Dept . of Energy 
we request that the applicant work with the above l isted s�ate agenc ies 
In assuring that all expressed concerns are incorporated in the f inal plan!!; and 
specifications. 

Should you have qny quest ions please contact this o f f i c e .  Please refer to the 
State Application Ident ifier (SAl) Number above in all future correspondence . 

PVD : j c  

Attachment 

Sincerely, 

rJdi. p(� 
Paul V. DeGaeta 
A-95 Coordinator 

cc: Robert D.  Wood , Kana . Fish & Game Comm. 
Wayne Herndon, Planning Dept . ,  Kans. Park & Resources Authority 

N I ""'" \0 



Kansas Forestry ,  F i s h  and Game _(conti nued) 

STATE AGENCY A-9f TRANSHlTTAL FORM 

Return t o :  
Division of Sta te Planning £ Research . Department of Administration. S u i t e  501 

Hills Building, Topeka ,  Konsas 66612 
------ 0 Rotl.fication of lntent 
PROJECT TITLE: O f f ice of Fuels Regula t ion , U . S .  Dep t .  of Energy B Prcapplic:ation 

D r a f t  Programma t i c  Envi'ron. Stmt . Fuels Use Act [ Fina l Applic:ation 

DATE REV r Ei·l PROCESS $".ll\r\.lC.u ------- - .. --- I SAl NUlLBER DATE REVIE\J PKUU . .;),:, L,'Wi:.U 

11-27-78 1 2 - 1 8 - 7 8  6 3 8 5  - DEIS 

PART I In i t ia l  Proj ec t  No t if ication Reviet .. (To be completed by Clear inghouse) : 

The a t tached proj ec t ha s been sub:n i t tcd [0 [ rlC :>(atc 1.1C"Hl.ngnoUsf> 
under the pr ov isions o f  the Federal mrn C i r c u lar .\-95 rev i sed . 
T h i s  forr.l provides no t i f ication and oppor t u n i t y  for revi et.' o f  
t h i s  proj ec t  to the agencies checked belot.'. Please f i l l  in 
Par t I I  atld Pa r t  I I I  below and return to t h e  S t a t e  Clear i nghou se . 

xG Re turn by 1 2 / 1 5 / 7 8  
[J Exped i t e  -----o Add . Info . Ava il . 

REVl Ell AGE�C::.:l::.
E::S--=o:c--cc-_-,o----__ _______ _ 

D'---;A--.:g""7i=-n,=-g------------
---'= 

0 Huma n Reso u r c e s  t)i.J Agri c ul ture - mm � Kansa s Corporation ColtUT'lission [�J Civi l Rights Commission � Park tlOd Resources Author i t y  ( "B  EconomiC" Development 0 Soc i.,l ilnd Reha b i l i t a t ion S .:! r v i c c s  NW� Educa t ion � S t il t e  Con sen'a t i on Coml7li ss io n 
)t For('� t r y .  Fish [, Game Commission 0 Tronspor tation 

fiJ IIp<'l. l t h  a n d  Env ironment 0 � ter Resou r c e s  Board [1-1 Il i Q ()r ica 1 S o c i e t y  5a 110/._'0&' -- + � ----'J---
-

--
PART IT �a t l1 r e  of Ar,i"'ncy revi eH' copune n t s  (To be comp le t ed hy r C V i t�H' agency and rC �l�:�����.

H) : 

Check O l l l.! or more appropr i a t e  hoxes. Indica t e  ('o�mcn t s  belo\,'. At t � c h  <Jdd i tiona l s h e e t  i f  
n e c e s s a ry o r  u s c  reverSE> s i d e .  

D RC'lUl'st c l<l r i f ic a t ion o r  add i t io n a l  i n f o . X@XXSuggestions for improv ing prt1 j (' c t pro?o5<'tl 
-------------

-
-

-

-

--

cmc.IE:as : 
SEE COMMENTS ON REVERSE 

rAKT I I I  ReC OrT',!;lCnded S t a t e  C le a r i n f,house Ac t ion (To be comf>j ;;-�����('v i e\J a g�ncy an"cl::-:-=====: 
r e t u r n  cd to Clearinghouse ) : 

Check one bo x on ly : -

o CIc.H a n c e  of t he p ro j ec t should be 
gT;111 ted 

o CleaT •• n c e  of l he proj e c t  should be 
delaycd un t i l the issues or <j u e s t i o n s  
h a v e  been c l a r i f ied by thl? App l i c a n t  

\ 

xeJ<X Cl ea ranc e  of t h e  project should n o t  be 
dp.lay ed bu t the App l i can t should ( i n  
the f inal n p p ]  i c a t ion) address o r  c l a r i fv 
the <juest io!l$ o r  concerns ind iC<l t c:.:l .:l.bov� 

U }l.(?quest the o ppor tun i t y to rc:v i el.." :: h C' 

f inal  app l i c a t ion p r i o r  to sub;n i s s i o n t o  
lhe f ed e r a l  f u n d i ng agency 

./.- , 
Kans . F I S h  & Game 

Re��.J'jJJJ 
I 

DidA"ency 
comm-r 

---
-

- -
-

--- - --Do t e  
1 2 - 6 - 7 8  

N I c." o 



Ka nsas �Q!�stry, F i s h  and Game ( conti nued ) 

Becaus.:> K:l is <'In i n t c r'. s i v p l y  fa rmed s t a t e , a r 0 a s  s l i  11 veg e t a t",d w i th na tu ra l l y 
oc c ur r i ng sp("c c r i t ic a l  t o  ma i n t enanc e of the s t a t e ' s w i l d l i f e  resource b a s e .  Any 
1 0 s 5  of n : l t u r a  l y  veg e t <l t C' d  a r (> ;1 S  t h r ou gh ] .:1nd - u s <� conve r s ion re s u l t s  in loss o f  w i l d l i fe .  
Only by i nc l ud n� me a s ur e s for h ab i t a t  r e p l aceme n t and enh anc eme n t  c a n  \,/c h ope to even 
m <:Ji n t a i n  tolh., t tv,� h<lvf' now. 

Ttlb l c  1 . 5 :  t-le r e a l U. c  t h e  pr o j ec t sponsors m<'ly c o n s i d e r  l o s s  o f  w i l d l i f e h ab i t a t --t('�j nim;ll on <'l T1<l t iona l b a s i s ,  hut  O ! !  a s t a t £' �as i s . th i s  i s  n o t  a c c u r A t c .  
Us ing t b e  d e f i n i t ions c i t ed h e r e i n ,  "" e  s u gg ,' s t the ra t i ng for "" i l d l i fe h ab i ta L  
bt:" (:h :1 ng�d t \1 "Discer n i b l e " .  

� : C i t t'd h e r e  i s  t h e  carranoo m i s c onc e p t i.on t h a t  ""h e n  w i l d l i f e  h ab i t a t  i s  d e s t r oy ed , 

t h l' "' n i m<l l S d .. pend('ot on it !7l(> r c ly mov(" to ,'moth e r pa rc ,.. l of h ah i t a t .  Onc(> w i ld l i f e  

rHb i t a t  i. s  d e s t r oy ed , t h o s e  animals d e p e nd e n t  on i t  a r c  a ls o l o s t .  Sur r o und i ng 

h a b i t .:1 t  p a r c e l s  w i l l  a l read y be at t h e i r  c a r ry i ng capac i t y f o r  indigenous s p e c i e s . 
ThosE' animals d i s p l a ced w i l l  pe r ish u n l e s s  <.ldd i t ion a l  c a r r y ing c .J pac i t y  is p r ov i d e d  
t h ((H :gh h ab i t <i t  r e p l ac emf:'n t or ('nhancement ( 1 f  rema i n i ng h ab i t a t ,  I f  a l l  t h i ng s  
rema i H  s t a t ic ,  h ab i ta t  loss r c s u l t s  i n  w i l d l i f e  l os s .  

� : Irrever s i b l e c omm i tm e n t ::. o f  b io t i c re�ources , Losses o f  ! l 3 t ive ' .... ood l and s 

and r a ng e l and s border p e rma ne nc y  as i t  is impo s s ib le for man to d u p l i c a t e the s p ec it.'s 

J i"-t' c <; i t y  of p l an t s of th os �  hab i t a t  ty pes . S ince the t1<l t u r�1. 1 p r o c e s s  of p l a n t  

S u c C f:' s s i o n  w i l l  h a v e  t o  be r t, l ied upon , "rep l<lc�'m e n t "  w i l l r eq u i r �  c e n tu r i e s n n t  

Jcc ad.>,,; • 

1: h�{s [} P e n  the !(:ms"s expe r i l' n c c> th ,.lt \.J!HO"n r r� c Ll i m i n g  m ined l a n d , m,1.n tends t(l 

re p I n c p  n a t u r a l  h ab i t a t s  w i th dome s t i c c r ops o f  grass or g r a i n .  'rtle monocu l t u r e s  

'-'lh i c: 1 t  ,"e,; n l t  R!.-e ! lOt.  c onciuc l vC' tu  t h e  d ivc r :-.c lN i  I d l j E e rcsourc{' p r e sC'nt i n  n .J. t u r;:\ l l y  

ve� e t a t ed are a s . 

� : Env i ronm" n t a l t r <l d e - o f f s .  The o pe n i ng s e n t e n c e  of t h i s chapter c o u l d  be 

s ., ; ,l cf ;,' \' (2 r y  r p s o u r c (!  pxp l o i t .1 t i v(> ac !- i v i t y d e v i s e r!  by man , e s pec i a l l y  when advC' r s f"  
i m p a c t s  a f f e c t cen0w a h l e  n .1. tllra l r e s uurces s uc h  as w i ld l i fe . The "general pub l i c "  

g C' i l c r :1 1 1'l only no t i ces :-> ome th i ns t h a t  d i r C' c t l y impac t s  th e i r poc k p t books . Th i s  

"piJb l l C "  .'l t t i t une does no t ,  howevc r ,  prov i d e ml�asure t o  t h e  s i g n i f icance o f  aJvcl' S I?  
i m p :J c r s  o f  f' xp l o H .3 t i llc ,'\c t i v i t i ('s , 

Tah l e  1 1 .  1 :  As s t a t e d ea r l i f' r ,  t.J i l d l i f(> h ;;tb i t 8 t los sE's w i l l  be d i s c (> r n i b l e  bv t he 
-p�'� j��t- s pon s or ' s d(> f i n i t i Q n .  Add i t ional a(:re� o f land to b e  s t r i p ped are

'
d o c urr,ented , 

thprt' f orf' , ac res of w i l d l i f e  ha b i t a t  los t a.s a re s u l t. of FUA c a n be documen t e d . 

The i mpacts on the S tate of i(ansas are not c o n s i dered to be d i scern i b l e  because 
it is not expected that coal wi l l  be m i n ea there.  The SlJr race (o1i n i n g Contro l 
and Rec l amation Ac t of 1 977 and good recl ama t i o n  pra c t i c e s  c a n  return l a nds to 
the i r  o r i g i nal  hab i ta t  func t i o n .  

Even d u r i ng the natura l  s uccess i onal  proce s s , d up l i ca t i ng of the  former b i o t i c  
compos i t i on and  d i vers i ty i s  un l i ke l y .  T h e  randomnes s of b i o t i c  dynam i c s  over
l i es the d i rect i ona l process  of success i o n ;  t h i s  resu l ts  in post-d i s turbance cnm
mun i t i e s  wi tn  s l m i  l a r  q ua l i ta t i v e  fea tures but  l ac k i ng q ua n t i tat i ve equa l i ty w i t h  
pre-d i s turbance commun i t i e s .  I n  many cases  ( e . g . , c l i max forest ) ,  i t  wi l l  
requ i re centu r i e s  to  deve l op s i m i l a r ha b i ta t .  However,  earl i er s ucces s i onal  
s tages may pro v i d e  s u i ta b l e  ha b i tat  for  some w i l d l i fe spec i es found in  the c l i max 
s tages . I n  other cases  ( e . g . , gra s s l ands ) , recovery of wi l d l i fe or l i vestoc k 
s u pport i ng capac i ty can be obta i ned i n  decades or s horte r .  W i l d l i fe spec i es 
found i n  the ear ly  stages of typ i ca l  o l d  f i e l d  commu n i t i es of early succe s s i ona l  
stages wou l d  be  expected t o  become reesta b l i s hed i n  the  m i ned area more qu i c k l y  
than s pec i es requ i ri ng commun i t i e s  c l ima x .  

The sta tement d i d  n o t  refer t o  current a n d  proj ected i mpacts of coa l m i n i n g ,  but  
to  the i mpacts a ttr i bu ted to the program i tsel f .  The acres  of l and d i s tu rbed are 
quan t i f i ed in  Ta b l e  1 1 . 1 .  

There i s  no way to accurately determ i ne wh i c h  c u s tomers are u s i ng coa l due to the 
Fuel  Use Act and how much a dd i t i ona l  coal  that i s  based on the FUA compared to 
tota l coal use by tha t c u s tomer . Add i t i ona l  doc umenta t i o n  wou l d  be spec u l a t i o n .  

N 
I U1 



Kansas Park  and Resources Authority 

FACS IMILE  

I t  woul d a ppear that  an important a l ternate not  mentioned 
w ith i n  th i s document i s  el imination  of was ted energy . 
Many c i ty l i ght ing systems coul d be cut overni ght  by 
50% to 75% wi th no serious probl ems to resi dents . Al so 
state h ighway l i ghting  systems cou l d  be el iminated -
substituting  refl ectori zed s i gns , col or-coded to d i rec t 
traffic . 

OR IG I NAL ----

STATE AGE�CY A-95 .7RANsmTTAL FORM 

Return t o :  . �. 
D i v i s ion of StAte Planning lr Research . Department of Administration, Suite 501 

t-Ji l l s  Building, Topeka , Kans,Js 66612 
-------------�

CJ
�-�'R�o�t�ITITlc�a�t�l�o�n--orl-I-n-'-e� t 

l'ROJECT 1'ITI.E:: Office of Fuels Re�ulation . U. S. Dep t .  of Energy B Preapplication 
DraCt Pro�r8mma tic: Environ. Strnt . Fuels Usc Ace :=J Final Applica t ion 

;,.\Tf."7i�l.i;:rROCESS ST::IRTED Dill E REVI(I! PROCE:::r=s ENDED 5,\1 "UlIBER 
11-27-78 12-18-78 6385 - DEIS 

----- - " - - � -----

P,'-R-Tl¥ -I-n i l  l Ol l  Pr(\jec:t �otlfic:at ion Revic\," (To be completed by Clear inghouse) : 
The a [ l "�';d- project MS been sub:i'l i t t cd to the S t a t e  Clearinghouse 

-----''--------

under th<! provisions of the Federal mrB Circular A-95 revised . 
This [orr.'! provides notification and oppor tunity for review of 
t h i s  p r o j e c t  to the agencies checked belm". Please f i l l  i n  
P.ilr t  I I a n d  P a r t  I I I  below and return to the S t a t e  Clearinghouse. 

XEJ 
B 

l<eturn by 12/15/78 
Exped i t e  

Add .  I n f o .  Ava i l .  

@ �r� 
.I ')C] -, &i 

Aging 
Agr i c u l ture - Dl-1R tivil Rights Comr.dssion 
r:cunomic Development 
[duc':lt i.on 
For(!s t r y .  Fish L Game Commissi-on 
IIca l t h  and [nvironr.lent 
lIi s t u r ical Soc i e t y  

REVIEt� AGENCIES 
o 

� � � 

Human Resources 
!\:tns.,s Corpor:ltion COi1!.!'nission 
Park and Resources Author i t y  
Social and Rehabi l i t a t i on Services 
State Conservat ion Comr.lission 
Transpo r t a t ion 
\later ReSOurces Board 

-p���� 

See response to comment of U . S . Department of Hea l th ,  Educat ion ,  and Wel fare , 
p .  1 2-6.  

PAl{T 1 1  :-:<l t u n' of A&i"ncy review comme n t s  (To b e  comp leted by revie\., .,gcncy and ret���.!) 
Check one or more nppropr i a te boxes .  Indic a t e  cO!!lments belo,"" At t a c h  additional sh("c t i f  
necess.:Jry o r  u s e  reverse sid e .  

D Re(lu,��;t c l a r i f icat ion or add i t ional i n f o .  D Sugges t ions f or inlJ"lroving projec t pH.'posn 

N 
I U'1 N 



Kansas Park and Resources Author i ty ( conti nued ) 

PART I I I  

Check ('Inc box only : 

o Cl£',1rance of the proj ect 
granted 

o Clearance of the project should be 
d e l ayed unt 11 thC' i s sues or quest ions 
have been c l a r l [  icd by the Applicant 

c£,...,� 
Clear;tncc of the project should not be 
delayed but the Applicant should ( i n  
the f inal app l i c a t ion) address or clar i f y  
the questions or concerns indicated above 

o Request the opportunity to r(>vic\o,.' the' 
[ innl app J i c a t ion prior to subiOl i s s I o n  tl'J 
the federal funding ag.ency 

;?t::=:I/;'�CA � - 7 f) N 
I (J1 (.;,) 



MARYLAND 
Department of State Pl anni ng 

N,ARVIN ""NOlL 

Ms . Ruth C .  Clusen 

MARYLAND 
D E P A R T M E N T  O F  S T A T E  PL A N N I N G  

JOI WIEST PRQYON STREET 
_ALTIMORE. MARYLAND 2 1 20. 

SO' ·S.'-.l4S, 

January 1 1 ,  1979 

Assistatn Secretary for Environment 
Department of Energy 
Washington , D . C .  20461 

SUBJECT :  ENVIRONMENTAL IMPACT STATEMENT ( EIS) REVIEW 

Sponsor: U . S .  Department of Energy 

VLADIMIR A WAHa( 
.. c ....... l' 01' ... aTII; .. l ..... ' .. a. 

Project: Draft EIS - Proposed Regulations to Implement the 
Fuel Use Act ,  DOE - EIS-0038-D 

Dear Ms ." Clusen: 

The State Clearinghouse has reviewed the above statement. In accord
ance with the proc edures established by the Office of Management and 
Budget Circular A-9 5 ,  the State Clearinghouse received comments from 
the following : 

Ddiartment of Economic and Community DevelORment, Environmental Health A In1stration and our §taff: noted that t e Statement appears to 
adequately cover those areas of interest to their agencies . 

Department of Natural Resourc e s :  forwarded comments ( copy attached ) 
from theIr Energy PolIcy Offic e  which noted that more attention should 
be given to the probable impacts in the Northeast , particularly where 
prevailing air mass movement lowers air quality, and to the negative 
impact in terms of cost and actual environmental benefit derived from 
enforcement of the Surface Mine Act .  

Council Baltimore Gas and 
to review and comment 

Thank you for your attention to the A-95 review process and we look 
forward to continued cooperation with your agency . 

cc : Steven Frank 
Henry Silbermann 
Donald Mllsten 
Lowell Frederick 

>{�n":'iZelY� 
%� �e_�� �tllLr. 

James��Connauahh� � 
Donald Noren 
Balto . Gas & Electric Co . 
Stephen Kocsis 

N I 
<.n 
� 



Maryl and Department of State Pl anning (cont inued ) 

M ... ylllllCl D.parta ... t of Stat. Phn"l"l 
Stat. Off1c. Bu11d1"1 
301 W •• t Pr .. ton Str.at 
aaltl_ra, llaryland 21201 Dat., 

SUBJECT: EIIVIlWIIMINTAL DlPACT STATDIENl' &lVll\/ 

Appllcant: U • S .  Department of Energy 
ProJ.ct! Draft EIS Fuel Use Act 
State Cl .... 1nahou •• Control " ..... n :  79-11-591 

w. hay. rev1aved the above draft ... vlr_a"tal '-Pact aut_t and our c_u aa 
to the ad.quacy of treata."t of pl\ye1c.l, acolol1cal, and .oc101011cal .ffecta of 
concern ara .bowft bel_, 

Chack <X) for aach it -
lion. c-nt ... c lo.ed n 

1. Add1 Uonal .pacific effect. wh1ch .hould !�:$n��:��"t �a�� r' �l envl.ronmenfal�ene? � 
b • ••••••• ch 1er�ve�flom �forc pi t e r ace l.ne 

2. Add1Uonal alternaUv •• wh1ch .hould b. 
f'ixpect�fions >.n ·,£Ill. 

con.1d.rad I 

1. a.tter or .ora appropriate .... ur •• and 
.tllllClard. wh1ch .hou ld ba u.ad to .valu.t • 
... v1r_tal eff.ct.: 

Ia. Add1Uonal control _aau •• wh1ch Mould b. 
CO�lusions focusil1� 
impacts in VI do nCl 

.pplled to reduce adv.re . ... Y1r_tal eff.ct. appear to adquatel� 
or to avo1d or .1,,1.1 •• the 1rr.v.r.1bl. or emphasize impacts n 
lrr.tr1.vabl. �l_t of ... _rc •• : Northeast �articua �: where �prev iling a 

S. Our ••••• _t of hou .arlou. the .. "v1r_t.l 
:iss IDou.enl 10WEy a r qua ty n Ma 

d ..... fro. th1. proJ.ct .11ht b., u.1"1 the 
b.et alt.rnaUve and control _ .. ure . .  

6. W. 1 d  ... U f y  l .. u • •  wh1ch requ1r. furth.r dh
cu.elon of re_luUon •• • bowft: 

'llft.tur.�� 
Tltl. 0 ,,<& fA 
..... cy c�/ 

�P"I F&l+ 

lent 
t 

als. 

on 

a.nd. 

These costs wi l l  be reflected i n  the price of coal , and provide an economic bas i s  
for appl y i ng for an exemption. 

The major impact of the FUA wi l l  occur in Demand Regi on V I ,  which  accounts for 
58 percent and 68 percent of the i ncreased coal use for 1 985 and 1 990 , respec
tivel y .  However . the a i r  qual i ty projections assoc iated with the proposed action 
were based on a regional di spersion model whi ch takes into account l ong-range 
transport. The impacts on a i r  qual i ty in Maryl and does take i nto account pre
vai l i ng a i r  mass movement . 

N I <.n L"1 



NEW YORK 

State of New York 

t'''''· r . '\ .. i� \, «4 ...... � 
M. PeJ����i Jr. 

r, •• , n •• ", .. C._I .......... 

STATE 0' NEW VORK '19 fER ' 6  PM , : 29  
DCPARTMeNT OP 

ENVIRONNENTAL CONSIlRVATION 
ALaANY. NEW YOAM 12233 

Office ot Pllbllc::. fleaTing. Mllnagement 
U. S. ilI;portment of l:olcrll)" rra 1 5 1979 
Box I'IA, ROOlII 2311 ZOllO M Street , �'<l 
WaslJington, DC Z0461 

� 
�: Steven A. Prank 
Gent'lemen: 

The State Of N"w York has co;'4'leted its review of the Droft Progrw;.;J1tic 
Envi1"Ol1ll1Olntol I"",.lct StatCl" ent "�\WI lise Act", iss\l�d by IXlI! in Nove.nbor 1978. 
In preparing the attached c<ll.oents, we have tali.en into consideration the 
views of lin appropriate state agencies. 

The major premise of the Fuel Use Act is that oil and natural gas use 
lIUSt be replaced with the use of coal or alternate fuels wherever possible. 
However, indigenous natural gllS suppl ies hove recently been ostimated to be 
plentiful, evon without lie'" technology. Combining natural gas with other 
presently available technologios (i.e . ,  energy conservation, hydroelectric, 
JUlCle.lr, solar, wind energy, biomass, refuse-derived fuel , cogenoration, etc.) can reduce our dcpendlmCe on imported oil in an environn:.:lntnlly compatible 
lIIanMr. In other ,"ords , ... <l shOUld not place all our en.,hasis into one fu')l 
c;ycle. 

lie in New York State are particularly concerned with the ongoing mOlU
urable dostruction of IIUI' prt..:a recreational areas in the AJirondacl:s and 
with tho imuDasurable '"alth effects attributable to long mnllc transport of SOz and I:Ox and ult1!o;�te conversion to mifatos, nitrates, IU1d acid 
pr..cipitoticm. n.e ooly \lay to reverse this trend is to reJuce the presently 
unacceptoble em sdOll5. Tho Fuel Use Act wi 1l be cOWlterproducti ve W1 th 
TCSilect to this goal .  �hlldnting conversion from oil to clean burning natural 
gas (and other envlrolt .. :ntally cllmpatible tccidlOlogies) rather thon solely to coAl should be /Ill altornative to be soriously in�cstlgntc.d in tho !'ES. 

We 8pllRCiate the opportunity to review this envinmrnsntal statement and 
we request that }'QIl live our eoor.nentl!. your forc.nost consider .. tion. 

At--.c 
cc: H. ....... -

s ...... �/// l!tk�.· 
Pirst Deputy CcIIIuIlsioaer 

See responses to fol l owing deta i l ed comments.  

N I U1 0'\ 



State of New York (conti nued ) 

1. a...nJ. .a-c 

_ ,.. II!a1lI DI.IBIIS 
GI 1IE -..r IIlOII WllmC 

_I': .IUI. IM'JIC1' lmU'IIIIIIft" 
"IUL lIE lei" 

� 1179 

n. � of tt. �1 u.. kt: Is to _ tMust-ry -' atU1ti_ 
...,. � ·.ast_ -' � _ _  .... -' oU -. tII8nb:r 
� .... 17 fill' fmtl-c:rlt1cal _. eun-tt I.adustIy CIUtl-': 
noprdlIIiIJ ... ...,ly -' prta IIiIInaUpe ...,.en to caatndict: De PIA 
_.1- oE xadty ... _lty far � til CDd (ntf. u. s. 
..... • ... 14 -..,.rrt. � D • .l1mJ) . AcconIuIc to tile est .. te III 
thb npart. UIInI is • 1Dtal �l � 01 4335 trtlllAa cub1c 
r.. l1'Cl? ot _tara1 ... ldthiJl tJIe U. S. At tile � �i_ 
- 01 ZO 1QI per ,..,r. thb -W ..-J.  • 217 ,..r ...,ly. Rna if 
.. use __ UlCreue4 to '-':1 ... for oU �1Aa. thftoe -w 

.un lie llUf'f'ic.i_ � -.til _-dapletab1e -., -.::.. _ 
..... lAIpeIl lllr tlIa 21st a.bIIy). 

• 

The natural gas reserves referred to i n  u . s .  News and Worl d Report i nc l ude those 
tha t wi l l  not be econom i ca l l y  recoverab l e  or , if recoverabl e ,  at prices  that the 
consumer cannot now afford . The Ameri can Gas Assoc i a tion recogn i zes tha t even to 
ma i nta i n  current con sumpt i o n ,  more gas has to be found and h i g her prices must be 
ava i l ab l e  to produce thi s h i g her-cost gas . Even w i th the Na tural Ga s Pol i cy Act 
and the i nc rease i n  wel l head pri ces , there i s  no evi dence tha t suff i c i ent increased 
production wi l l  resu l t  to a l l ow for growth in the natural gas i ndustry . Those 
users who have an economi c a l l y  s ubsti tutable  source such as coal or a l ternate 
fuel are bei ng encouraged to swi tch.  Such fuel swi tch i ng wi l l  st i l l  conserve 
ex i st ing l ow-cost natural gas reserves and make these ava i l ab l e  to h igher-pr i or i ty 
users . ( See response to USEPA , p .  1 2- 1 5 . ) 

N I Ul ....... 



State _of Ne�.ork ( conti nued ) 

0Jrrent prclIIOUIIC_U by Secretary of EneI'KY Schl"sinpr reprdi.Da 

- of &as by bldustrlal usen iadicate a sldf't ill policy fro. tat 

-...:iat.ed by II1IA m tbe PIleI Use Act. Oa. J1IIIIIIITY 3. 1979. Secretary 

Schl.s1AJ'ltr stated that iJldustrl.es Wllll.d be encounpd to switCh rrc. 

oil to natural ps ... �l. If they CO'�. evicklntly in prefcn'lDCe to tlIfI 

CGIlt.1JlWJlg , Ullar draiA iIII(IOSed by oU Wplrts (Tef. N'l T __ • "'-ry ., 1979) . 

2. Ceneral �t 
n.e UPEfS states , ·  ·c tM c,-�� substitution program for electric 

�r geneTaticn will DOt be pendtted to cause vtolatiOl1ll of National 
or State au quality standards. even though use Of local coa.l will be 
required regardless of its qta.l H:y. Thi5 will be a.chleved by p..5 cl..anllJi! 
eqtn� aad processes and. . -..,cessary. by requiring existing soun:es 

in the AQCR. to reduce their __ _  !:i--oJ adequately before • precOl13tructlO1l 
pendt will be issued. 'Ibe dr"';"t EIS. �. sIIould dbcuss tM tecJo

DD10Cical or � feasibl1ity of �Usllh.,g 1JIe QllCaSIttY dear

of air pallutI. CGltrol . 

It 15 abri.ous that v-ter � of amtral will be -=-ssary with 
coal as a £u.l . 1bent is a patatt1.a1 for m.eruus canfl1cU � the 
�c J.alth of this state and air quality. IDflat.ed prices for 

electrical JIO"'III' and -r.ct:ured goods are __ � our society 

c::.IIIl 111 afford. IJl addittan. the rules ..,. prove to be lUI. Obstacle to 
the DD� aal e_tial gn.th of iDcIustry. n-e cansideraU-. are 

an integral t-rt of the probl. and � be vnrrloal8d. It 15 thar.fore 

:incuIbent 1IpOII 11m to provide � that � air stlllrdanla CIQl 

be achieved vtthcJut serl_ -..ic peMlty. This crltlca1 a.sideratiOll 
_t DOt be left as a � for those qtIIIC.ies respauibl. fM 1JIe 
aatiawlg .-udstTatlca at' alr �lty J'I'OII"88S • 

.. al.reedy bne two lara- _-au.u-t _ 1.D. Maw Yon: 1It:abt. 
1Ihere _ hImt thus far � �e to reduce ..us10D11 sufficiantly to 

_t air quality stendarcb. IIJDcIJpt. far posslhl. ttede-offs . the situation 

See response to U . S .  EPA comment,  p .  1 2- 1 5 .  

The techno l og i ca l  feas i bi l i ty o f  a c h i e v i ng a i r  pol l ut i on control i s  we l l  docu
mented by EPA ru l e s  and regu l a t i on s .  The economic  cost of i nstal l i ng and u s i ng 
thi s equ i pment can be one of the factors con s i dered as a bas i s  for obta i n i ng an 
exemption  under the FUA regu l ations . At the programmat i c  l evel , the mix of 
ex i s t i n g  techno l ogy , l ocal  a i r  pol l ut i on l aws,  and other factors i s  suff i c i en t l y  
d i v erse t o  prec l ud e  i denti f icat ion of how an i nd i v i dual  fac i l i ty c a n  comp l y .  

'" 
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in � .TWoS prectudas intl'Cllillldng the dr pOUutMlt" �ch -:ld be 
�tted En. _ a.1 bI1nIiJIc pcnoer pUnts In tJ... One a1ter.atiw 
c:caane -.ld 1>e to _1""t sims out:'Ji� of aJCJl AQCR'.. Yet here -
haft poaslble dest'nll:tica of .... lcuUu ... -- fiDr �le. tha � 
industry. n... .... � ..... t be aoIdr ... ed in .."  site-"I'k'Uk: �ysis 

for coal �iOll. ffoIII8YeT. it .bau1d be :nIQIIPIizecl 111 the moEIS that 

this probl_ tlltisb. 
3. GePeral �t 

LImcl£ill disposal of fly ab. rich in inIIl IIIIIl aau.inf.nc _ alua1nl.Wl 

that _ � �ly fna '-mdte. �ts • frlxh� ,..t,e of 
rescJUrC4I5 • 

4. GImerti �  
n. bIptIct stat_t ftaluat8s .. . . .  _1 .nwJ:1IIe ""teut air quality . . ... 

lP. �-lO) ; lIhich " • • •  by design ipDns local effec:U . . .... yet aa.-ltdge" 
thn ... . .  the local CIBIIC8Iu.t.J.ans .." be �t • • •  " (p. S-I7). HIRM'ftIr. 
_ p. s-zz t:his is_ is left. to " • • •  be addrn.ed OIl _ bldln.tual basis 
.. cawerslons begbl". Yat it is -.clUlied that ''llIe � in &*MOIlS 

pollut:111lt � ... .. ... JIUel lIIIe Aa is -U �tlareshDld 1_1. for 
iIIj1dy to _t biota". (p. 1-1) . 

1b1s OIlIIII:l.t.. is � lloy tile bedjp� �si-' Geller'k 
short-ttma �tiOllS -r to be __ � iD tWo �_t � 

. 
.-l _raps are of Ibl1ted _bIB ID pncI.IAine ...... to � 
fna air pol� •• 

S. "-anl l.-t 

0.. _ ot .-locJ.cally nlRed c:aE4mI is tile � fOr ___ -
_u.r depNat.lOl1 &.. � .... :a-IIata fna fiy alb ..,..,. anu. 

The maxi mum expected annual average concentrati ons of 502 per AQCR ar@ expected 
to approach 71  "g/m3 ( basel i ne p l u s  i ncrement due to the FUA , F i g s .  5-3 and 
-5) . Th i s  is s ti l l  wel l b e l ow the threshold l evel s (470 "g/m2 ) that have been 
reported to i n j ure sens i t i ve pl ants duri ng chroni c exposure to 5°2 ,  Mos t of 
the data a va i l ab l e  on responses of pl ants to gaseous pol l u tants are deri ved 
from studi es u s i ng crops or other econom i ca l l y important pl ants . Thus , i t  i s  
unl i kely that agri cul t ural y i e l d s  w i l l  b e  affected on a reg i onal bas i s  i n  
response to the impl ementa t i on of the FUA . Local impacts may occur but we 
cannot judge the mag n i tude of the l ocal  impacts at the programmati c l evel . 

The text has been mod i f i ed to refl ect the fact that the threshol d  l eve l s  under 
cons i derat ion are for chron ic  exposure to 502 ( p .  1 -8 ) .  Acute exposures to 
hi gher concentration can onl y be eval uated on a s i te-spec i f i c  bas i s  because 
short-term concentrations are h i ghly dependent upon factors i nfl uenci ng l ocal  
meteorol ogical  vari abi l i ty .  I t  i s  i ndeed pos s i b l e  t h a t  l ocal  meteorol ogi cal  
events may res u l t  in  concentrations of pol l utants that are tox i c  to bi ota duri ng 
short-term exposure .  However, the extent to whi ch this  wi l l  occur cannot be 
eval uated at a programmatic  l evel . 

'" I <.T1 <.J:) 
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on. fly .... ........ ., -' ...... ____ t.ny '" ill IOIUIIIe 
.... IIIlk:Ia _. ria ...-latl_ ....... ....... ..u- .- ....... 
1'8IIft. ...... .. ........ ... t w. 

PIF .... -cas- � � fIE tMrs.. ... --- .... 
......,...u.y ... ... UIIOClat" 1dtll �. tilt �"'tF fIE tly .... 
tit I 1 _ is �y * -.llJect of � ..... witWa .. DIE 

... e1......... It Is .c: ...... t1y cl..r � .... ...... eI. fly ... 
..... lIlT tJa.d .. tMtllC IoMltla ... -'-Y. A ......... ....... fIE 
crl.e.rt_ ....... 1 of tile a.s.�WI Protattt. �'. ... , .. 
"Crle.ria tiar .... .a;I .. _ ..... _ 1...- to tile _lwl_ tIIft ny ... 
........ be � ..... . �l .. .... ..rIdIrc aIIIpl .. lsolat:t.B _ 
its .. 1" "  1Uet ... . 

Guidel i nes and regulat ions proposed under RCRA wi l l  require protect i on of ground
water suppl ies.  These regul ations are d i scussed in the revi sed text in Section 
5 . 5 . 5 .  

Conclusions concerning the i ncreased regi onal dose commi tments due to i ncre
mental i ncreases i n  coal use are di scussed i n  the comments from the Col orado 
Office of Energy Conservation . State of Colorado ( p .  1 2-45 ) .  

Fly ash may be considered a radioactive waste under Cri terion No . 1 o f  the 
Envi ronmental Protection Agency ' s  ( EPA) proposed "Cri teria for Radi oact i ve 
Wastes" ( U . S .  EPA 1 978a) . Unacceptabi 1 i ty of risk is di scussed in I ssue No . 4 
of thi s  document .  On a regional bas i s .  the ri sks due to radiation from i ncre
mental i ncreases i n  coal use are negl i g i bl e .  The EPA has a l so proposed guide
l ines for i dent1 ficati.on of hazardous wastes on an i nd i v i dual ba s i s  ( U . S .  
EPA 1 978b) . F l y  ash i s  exempted from the defi n i tion . and class i fied as a 
"special waste" . The EPA states that a proposed ru1emak ing wi l l  be pub1 i shed 
at a l a ter date regardi ng treatment .  storage . and disposal of special waste 
(anonymous 1 978) . At thi s time there are no guidel i nes which requi re special  
handl i ng of fly ash because of i ts radioactiv i ty .  

References 

Envi ronmental Protection Agency . 1 978a . Cri teria for Radioactive Wastes _ 

Recommendations for Federal Radiation Guidance . Fed . Reg . ,  Nov . 1 5 ,  1 978, 
Part I X .  

Envi ronmental Protection Agency . 1 978b. Hazardous Waste-Proposed Gu i del ines and 
Regulations and Proposal on Identification and l i s t i ng . Fed . Reg . (40 CFR 
Part 250 ) .  December 1 8 .  1 978 . Part I V .  

Anonymous .  1 978 . E RA  Proposed Hazardous Waste Regul ations under the Resource 
Conservation and Recovery Act 43 FR 58946 . Dec. 1 8 .  1 978 . Envi ronmental 
Protection Agency 40 CFR Part 250 . Envi ronmenta l Reporter . Vol . 9, Number 
34 . Part I I .  
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lD .." cae thnw aft eJEell.-t � that IiPA ..,.. beI:aWe of 
the ....., ..rals usoc:lat.ell Idth the fly NIl, � U • taadc _te 

pmcIact recp1ri11a special di..-al � . .....-.u- of wbethIrr or 

DOt fly ..... Ia _i.C18nCI to .. tadc. stama- m specially duiped 
clbposal __ Ia MCeHaIY. n..e upecU "*-14 be tIlIrlraaahly cli __ 
1D the PIIS. 

6. � a.-.t  

�ta1y 10 Pft'(:alt of the � pi: , ecJ .. . �t of the 
PiiliiilWd act.i_ 1dll � no- AI'fIIc:e �. .Msthet1c illpKb will 

result '- .uw.. .. �t� actlriUes. 1l......"uU.. pracessiue. 
spoU P1t.. __ stodplU.., .... lIltmde ..... 4111J1GAl. ltD �'-- Ia 
__ of the � ..u.t1c iIIpKtII of *-ed coal wtillsat.t.. 
'I1d.a b _ -ron.-te � 1IIdcb aIIIIabl .. n.4le4 ba tile fiJlal 

� sta�. 

7. CiIiIiiinal o-.iat 

IJI. a-nl tile tIIpect of the Pi ...... JIWl u.. kt .. blaSpOi.....s-

policies .... .,.t.s IIIPl*tt:I to haft "- ...... tJa1y 1IIIIlnaecJ. 1IGIwftT, 
- £eel tllat • � -.tac' �u- -U .... __ ..ac..t 
toe a.pter S.I. 9Ddo-� --=b. 0tIIIIr -.:tl_ ef tile JIlt; w.ltlfy 
the ..... Cor s1pifiaat .-Ue � Ia  ULI, It.lU_ &clliti_ 

Qd....,.. ralll'Ol8, c:IiIIIIIIl1a . .... port fa:Uitl .. ) ill ..... to lill'C>CiJNtWly 

bIp:a-.t this prapoaal. ". f'undi:aI ___ Cor tMIo hiptOi Ib Is IIOt 

spedftecJ. 1bey mKei...w.y II1&ht c:.- tn.: 
-- ..u.tfalal fecJIrra1. state . .... lDcal IIppfGpriat� 

-- . 8Idft of CUI'I'iIIt � to u.sportatlaa .., . � otMr 
� 

u • shift � widdD .xiatiBc 1:1raUpOrtIlti_ woa_ to ..t  
the __ of tlds �. 

See response to s i mi l a r  comment ,  p .  1 2-59 .  

The coal demand of i nd i v i dual users i s  s u ffi c i en t l y  sma l l  as  t o  resu l t  i n  
i ncreased product ion i n  e x  i sti  n g  mi nes rather than openi n g  of new m i  nes . 
Aesthet i c  impacts res u l t i ng from i ncreased product i o n  at ex i s t i ng mi nes wi l l  be 
l argely restricted to the combu s t i on s i te where the coal p i l e  and coal hand l i ng 
equ i pment wi l l  be the primary new features of the s i te .  Because of the nature 
of most manufacturi ng s i tes , i t  i s  l arge l y  quest i onnabl e whether these features 
wi  1 1  be v i ewed by the genera 1 pub 1 i c as  di fferent from the general avera 1 1  
aspect o f  the s i t e .  A number of mi t i g a t i ng measures , primari l y  screen i n g ,  
would be ava i l ab l e  i n  a case where exi s t i ng i ndustrial  acti v i ty w a s  perce i ved 
to b e  substant i a l l y  l es s  obtru s i ve than add i t i o n  of coa l -burn i n g  fac i l i ti e s . 
Aes the t i c  impacts are predomi nantly a s i te-spec i fi c  pro b l em .  

The i mpacts from coal haul i ng were addressed i n  Sec t i on 5 ,  a n d  cover t h e  items 
mentioned in the comment.  I n  all  states , the s h i ft to coal for spec i f i c  users 
wou l d  have to cons i der t he adequacy of transportation modes . Unti l i nd i v i dua l  
s i tes a re assessed , there is  no apriol'i bas i s  for  establ i s hing the  rel a t i ve 
adequacy of the New York State transportation network to hand l e  coal movement . 

N I 0'> 
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'the �� __ cHffkulty of tt- dec1al_. IIida their �t 
�. tICI8IIIid&: • ..t-ul . .... polltlcal _alT wCM, __ lt ca-laa 

bl tbis CIIIIpt.-. 
WhU. NIIIf Yodt State .ul 11K lie � � lIT a.1 __ apna

dGa. _itller ...u _ be -.rlt8ll ., _ ........ joll -at bl that _. 
HIIIIIIftr. _ shall be &cad with tile iIIIIir«:t ef£ects of .Id.Pw fUel c:o.u. 
-.t.. a.u . .. � � fiDr iIIpIvN/l tl ........ tatl_ 

facUlties. on. .... Ton State DIpa�t of � JIu .1....,. 
.-:.11lWd -.s aIIIIp1IIiIIU m ..... NIw Tan: � tile ef'fec:ts 
of � � � -.Jbtc . 

.... a..rt1y l8daa wIW:les ..,..:uy haft hEnased It. Tate of 

.,...:t _ .... -r..r _ tIIe �. ca � of I'OIId.q baYu.& 

ext ' I • ...., pMes. tile _ T.Wt of ftIhIc1ea ... ... _:lMnbly 

.JoIIN. �ltatiDa the ca.tzuctfaa of c� �. n. coR of 
theM ...... _u .... �ltate .J.bIriJIa prlorlttes .... � If 
.., � -* adIIit� _ 6..a b cnat4IIl 1D fblf111 t:hb _ ..... 
ean.q...Uy .. w.I tIIat tlIa a.rt_tal IJIpaet so t .....w 
� t!IU.probl_. 

I. GIneral �  
The cn.a.._ of U. u- of WUd ..t ..w: Il1wn (a.t:1aD. 5.6.7) 

.... ArI::Molupca1. QaltuDl .. Hutodcal ... 2 ..... lMCt.iall 5.7) ..... to 
be ....,...,.,. on. npurt ...... ctlscua.bm of tMse ""jecu to the case-bT

cue ..t�. 1Id1. u.u � .ay be ftlld vlth IftpIICt te specHic 
1IIpcts . ..... abauld at JMst be • c:lear a.d� to mt:lptblc the 

�u. Ala iIIpact .ta� of this type CIIIIl4 plVride lid ....... in tile 
'- of • altiptlcm strataaY to be £011 __ later .... c:ue-lJr-case iIIpec:ts 
are �"'. 

The operators of mi nes , d i sposal a reas ,  and other fac i l i ti es wh i c h  may, through 
thei r  act i vi ti e s  rel ated to the Fuel Use Act , a ffect these i mportant natural 
resources , s hou l d  take a l l  measures to a vo i d  or mi ti gate potenti a l  impacts on 
Wi l d  and Sceni c  Ri vers and H i stori cal and Archaeol ogical  S i tes and Natural Land
marks . Operators s houl d  contact the a ppropri ate admi ni steri ng agency respons i bl e  
for each potenti a l l y  a ffected W i l d  and Sceni c  Ri ver ( U . S .  Department of  Agri 
cul ture , through the Forest Service ; U . S .  Department of the Interior,  through 
the Bureau of Land Management ,  F i sh  and Wi l dl i fe Servi ce ,  or National Park 
Servi ce;  or indi v i dual state governments ) for gu i dance in protecting W i l d  and 
Scen i c  R i vers . Operators shou l d  contact state Hi storic Preservation Offi cers 
to determi ne i nd i v i dual state procedures for i nvest i gation ,  identi fication,  and 
preservation o f  Archaeol ogical , Cul tural , and Hi storical  Resources.  Operators 
should  al so contact the U . S.  Department of the Interior,  Heri tage Conservation 
and Recreation Servi ce for current l i sti ngs of the National Reg i ster of Hi stori c 
Pl aces . This  consul tation i s  requi red by state l aw,  but i s  otherwise not expl i 
c i tl y  guaranteed by the U . S .  Department of  Energy i n  i ts admi ni stration o f  the 
Fuel Use Act .  
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,. GIMnIl c....at. 

..... Is _ 4i_t_ DE � � fn. _ a-nteIl 

202:1116-11 .. ). .. Twit ... odaIrr __ an c:urr.Uy ....,.n-:iIII 

lu.1y tID � ....... ,.n.l�ly IE it _ tID _ .... ....... 
_ Is at: or .... � -ilia ....... 'Dds --.. .....u .. 
n._n ..... Sa "- fJ.al � _to 

Ie. ft. 1 .... t. 8ICt .. 1.3.i IkolW 

11. 

AI:W .... u t_mI _ _  ..... lc ..... leR _ .... 1 ... .. b .. 
5bIlla'ly �fW _ diat _ .... ..a.r � _...... It. 
_ "JfF'I' .I� b ""'. 

'n. IftIS (p. l-U) atat.s "If ....uc ..cun1 .. ..  oU prkas 
� w.. -W � Ia tIIe .n ,.. � . ... .....- _ __  

(e.t) .......... witlaallt a. • I I ..,  .... for DcTII ... ........ 
fUel .,..... tMt ..w DCaII' _ tile �t DE � ..... acr-. 

t.IIInIUP u... ... ..uawJ. ... .......,...tlca. .. wat: .-..odat:ell wltIl 

_1 ..au .... will .. .a 1-. � tile � tID -=t� DE IICCIIIpt.bta 

• .....,. me.- Sa oil .. ... pri.c:IB". 

The text has been mod i f i ed to d i scuss the generic terrestrial impacts from 
photochemi cal oxidants ( P .  5-57 ) .  The dynami cs of photochemi ca 1 oxi dants such 
as NO and ozone are h i gh l y  dependent upon l ocal  meteoro l og i cal cond i t i ons . 
There�ore , prog rammat i c  ana l ys i s  of the effects from photoc!",emical  oxi :jar:t 
production from i ncreased coal combu s ti on under the FUA car.not be made wi th any 
prec i s i o n .  

T h e  text h a s  been mod i fi ed t o  i nd i cate t h a t  noticeable terrestri a l  impacts from 
acid prec i p i tation a re not expected from the i mp l ementation of the FUA ( p .  1 -8 ) .  

The comment that impl ementation o f  the FUA would not be cheaper than a general 
i ncrease in o i l  and gas prices is based on some deba ta ble assumpt ions. One is 
that after phased decontrol of natural gas i n  1 985,  further i ncreases i n  natural 
gas prices wou l d  not occur. Second, that the avai l a bi l i ty o f  natural gas wou l d  
a l l ow stable prices after 1 985.  The F UA reduces the demand price pressure on 
natural gas l a ter by encourag i ng fuel subst i tutions now. 

N I 0"1 c..> 
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A third UTq_t tIIdc:h __ ...sa ... last Datmwl ps ClIp. 111--2 ad n-5) 

is tJat: this al�tl.,. -'d � tile .usc:ept1bUity of Dellitles to 
_t.oa1 ... curtaI '-ts. n. nc8It pzol .... a.l suu. .a-. tlat _ 

SCIIIl'Ce of 1'uel is �letelT � &.. UIia c:aat�. 
Natural ... _ b. bl f8Ct. _ ___ tly &.sible el....u_. IIDUl 

bl � Of -u-tel .... _Ie CDlSl.dera�. n. PES IIbGu1.d 
1IpIaW - ....... the .-lysis af this faal as _ altemati_ to a.l 
-.i_. 

T he use of natural gas  wou l d  be an a l ternati ve to the Fuel Use Act as  a "no
action"  a l ternat i ve.  However ERA is  i mpl emen t i n g  regul a t i on s  for a l aw which 
pro h i b i t s  natural  gas use. ( See U . S .  EPA comment ,  p .  1 2- 1 5 . )  It  is  wel l docu
mented that the recovery , transport ,  and use o f  natural gas has had fewer nega
t i ve envi ronmenta l impacts than the use of coa l . 

-' 
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11. .... 5-1.0 t:o 5-u.:: • ..:t:S- S.1.4 ca.t..tlal 

'!1Ie � of JIOa -S � staal .. .... .... � :Ill tlds 

-=tica .. _11 as tlIDM of !iDz ... pG'tlCUlata. 

ll. PR. !.-Z�. �-Z3 Add Rata 
AltbouP III1fate is the pnwkwIMDt pon.t-t usoclaUcl w1tta IId.cl 

pnlCipltaU_. the � of: Id.tntu is DDt Jaslp1ftaat. 'I1ds sIIoalcl 
be IIIIIlraM4 ill tbe PES. ill 4INaJpU.,.. tIIbular. -S � ftna. 

The text has been mod i fi ed to i nc l ude further d i scus s i on of NOx (and 
hydrocarbons ) . 

The accurate pred i ct ion of atmospheric  n i trate concentrations , as d i scussed i n  
Sect ion 5 . 2 . 4 ,  i s  beyond the present state o f  the art . Potentia l  effects of 
i ncreased NOx emi s s i ons on preci p i tation are d i scussed i n  Sec tion 5 . 2 . 4 .  

N 
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14. p. 5-ZZc, Me'tica 5.3.2 Acid JIaiD . 
It ...--. .. if tJda aec:t:t. _ -.t �eW. lliJK:e tile :bst 

• • - dab .... nIIIda "A _j_ effect of the PiUjiOii6Cl � ..., 

be tD -=-- a larp t.:r.se(.- . .. 

J.S. p. S-ZS, BKti_ 5.3.2 k14 JIaiD 
"LaIIc-� i..-:ts ria .U . .. _11 .. ..rwwn. � _ � 

� ..w ....... -11-17 _ CD the n1ati_ly IdP lluff'erblc �ty 
of the t .. t .... soU . ... tile ntlaU_ly I. w.t� .ddU,. attrlllutabl. 
tD the proposet ec:u-". 

TId..s ..., be u.. ... -uia )IIU't& ef tile �. 1114 cfet'1IIi�y DOt 
for tile .Adl:.naIIIc:k PUt; ill IIsIt' Ton Statlt. 'Ihis 6.lIII0. _ _  pa1c (both 
prl_tely ... .... 1lcly ..... ) U .-t17 fa ....... of 108_ its pr_ 
rec:r.t� Ca4 -=-I.e) ....u .. ecW pt'edp1�. tba _ of 
tIIdda ... .... tnr.I (hr trajectloiy ..tysisJ tD tba � Van., 
.... tna11pC111.r pI.- �_. 1be � Putt ... � � 
• � sulB ntfern4 tID ill the II'IIIS. Ita 1IIIIINc:k ... ..us 

� -..:ra1ise the 8ICY pnc:JpJ.tlltba � .... ....... .-.. ...... 

Z8D � ill tt.. IUk tD __ .... tAl ef f"bII. 
Alu..p • II'IOS. cJU.a tIIa. tJaU .ctS- 1dll .. � a slp1ftaat 

�. til. � U � � fer �le _ MICfl .. tt.. 

MI� � 

16. p. 5-23. � 5.3.2 k14 a.:ia 

It 1B state4 ... .. � __ .... _ OIIC._C.' CI!MS of sI!R't-tlBm 
yUW reductS- lit ftiataJ.l ]III 1 .... __ 4.000. 'DIis is BIlsl..u.c 
w..:.u.. tba ___ U for �tem iJIpIM::ts. wrt Mort·tara -.,..cu. 
1'IIrt.IIIrr, u.. .attn .... a..st curn.tly � � )lNC.ipltatiea 
- '.0 Idtb _ _  belaw tIIat .... with bItl...w..I �b as law 

.. 2.1 (8c1--. "... IfT4. V. 1II4:1176-117t)··�t -t.l ..,. of 
-..ttulle __ ecWtc. 

The text has been corrected . 

Al though sens i t i ve areas such as the Adi rondack Lakes Area may be S i gn i fi cantly 
impacted by acid ra i n s ,  based on the projections in Fi gures 5 . 4  and 5 . 5 ,  the 
proposed action is not expected to i mpact the Adirondack Lakes Area , or other 
areas conta i n i ng l a kes that are sen s i t i ve to a c i d i f i cation by a c i d  prec i p i tation 
( Gal l oway and Cowl i ng 1 978) .  

The ju dgments from which these projections were made were based on the best 
ava i l ab l e  data at the time--those of L i kens ( 1 976) .  Those data do not support 
the statement that " the " the enti re northeast currently experiences annual pre
c i p i tation [averages] a t  4 . 0  with some areas below that. " The s i ng l e  l owest data 
po i n t  on L i ken s '  su rvey i s  pH 4 . 07 ;  the l owest pH i sopl eth , confi ned to areas of 
Pennsyl van i a  and New Yor k ,  is pH 4 . 22 .  It i s  a l so m i s l ea d i n g  to i mply that the 
l owest recorded ra i n fa l l  pH val ue ( pH 2 . 1 )  whi c h appears to have val i d i ty i s  
characte r i s t i c ,  a s  suggested by the word i n g  "and with i nd i v i dual ra i n fa l l s  a s  l ow 
as 2 . 1 . "  

N I en co 



State of New York (conti nued ) 

17. p. 5-14. 'nIbI8 �.U !"P1ecte4 aa� oaac:.u.dGIIs 
'III1s table is of littl. YIIlue fOr 1Iec:b'� •• • � u et-

�U GAlT lJl tem& � ...... .u.s .. ... � of l..s _ af£ect.ed . 
III CDIj-al_ with this table . .... . iId.lar to Fipns S.1-5.S (1IOz 
CIIIIC..tJ'att.. ma-u) .-.dol be p...-..r ,.. sulfatles. This is tile 

GAll" -r dIat tM pro,Kted u.-:t _ 1IUlMnbJe anN (-=II .. tM 
�) _ be v1�1"". 

This is abo of rial ...... n ... c £or IIea1th � ...,u. •. • 

.utecl _ p. 5-73 of tb8 Il'EIS: "AcccmIuII ta tile fiDdlDp of tile Rall 

o-it.t... t.ddc tlffecu rr- Kid suJ.fatef ta c-biJaU4l with otIIn' 
particulates ., far GlUbeigh -.r e£fecU fra SOZ VI" puticu1at.es 8lane" . 
U. S . ... Mp;tct.t.Da ilqU.t.bs of � ..... pnclli:t.ed .alate CCIIICtatr&-
U .. :lJl _,-Uaa with Uw ..... of Idah air paUut.tt. �a1. c:ould 
be of � at.l ta decU*-"' ... . 

18. p. S-71, NCtlca !t.'.S aa.u.t� a-lth liffects 
n. ..,... pancnpIl refen to • " • • •  � nlat1GMhip be� 

air poUuUaa ... taUlt.t. IIdftI:ne Maltll effects". 'l'Id.s .st be a 
IIlsprmt. slace tile writer p1:UbQ11" � to _ tile -.d .�" 
lnSt.eIId of ''caIIal''. 

1.. ,. 6-1. sect� 6.1 Air �lty UDawl.t.bl. x.cts 
This HCt.ial shauld state that t:lIe &1- pnId.1ctecl c:onceltr&tiCIIIS 

for 5Vz .... part1c:ul&t.es are � � _ tbat � wr. 

COIIIIC*lt.ratlGU (3 baun ... Z4 1KIurs tor SOz ... Z4 t.In for· panlc:u1atesJ 

wUl be bIpr ad site speelflc. 

As far as vegeta tion effects a re concerned , the sentence might better be reworded : 
. . .  there have been no documented cases of ei ther s hort-term or l ong-term y i e l d  
reductions at ra infa l l  p H  l evel s above p H  4 . 0 .  The text h a s  been revi sed to 
more accurately represent the s i tuation .  I t  shou l d  be noted , however , tha t an 
adequate data base does not currently exist from whi c h  e i ther effec t or nul l 
effect j udgments of a broad sca l e  can  be made . S i nce those areas most heav i ly  
i mpacted by  ac id  ra i ns are  a l so characteri zed by  eleva ted l evel s of SO" ' NOx ' and 
photochemical  oxidants , those gaseous pol l utants must a l so be recogni zed for 
the i r  potenti a l  i mpact i n  this type of a n  a ssessment .  

A computer-based map was used for the anal ys i s  o f  areas affected by i ncreased 
a c i d  prec i p i ta t i on . but it was fel t that a tab u l a r  presentation wou l d  be more 
useful i n  i nd i ca t i n g  the magni tude of the prob l em .  Part i cul ate s u l fate d i s tr i 
b u t i o n  patterns w i l l  genera l l y  fol l ow 5 0 0  concentra t i on patterns . Maps were 
not pres e n ted bec a u s o?  � d s t i r:g datrt !)n the rel a t i ons h i p  be �\'/een sul fate l evel s 
i n  the atmosphere and i n  rainwater ar-e o n l y  general i zed d a ta and reduced pH of 
ra i n fal l is  rel a ted to a comp l ex array of a n i o n i c  and cat i o n i c  species from a 
vari ety of sources w h i c h  i n teract to affect prec i p i ta t i o n  chem i s try. 

The text has been corrected . 

N I 
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State of New York (conti nued ) 

::; J..:�itiC":-i . :l\: , !-..u!3:te-S, ni�ri!tes :c;rl �y�rcv.:.'.!':'(c� e�i�sjC';]s S�C4']J 
t,,-, .:...:�TC3Se: 35 '.t'lp.'\"oic'..z�.lf ad':.·cr�c i7f2CtS • 

..:�. -=. H' .. ... . se-:':10n 10 .: . 1 .:  ��,�=lear ::.:'l�rfY '"J tem."I.-;.ive 
:::(" .Ha:f'.:."r..t ,orn tflf': c.·ther �)?:i:�, s�\ . ��lx 3.." .... : ;,,;':"1icl..D.:5;p #jt.t".,-..;t 

E":':f:l�G,t$ t�O ;1C't C'xist at n'..::l('�r :"cilitlt!'� � . "  is T'.�t :l\.:!'::J.tl!::e. .�.l:xiliJlry 
�ijcrs &nd cooll.'ll: tCl"'ers f.t r:uckllr :acj l i t it5 can <'T:lt >i.�nlficant air 
�Ollu:ion U1�er !ite .specific cC;l;Jitlcr',s Hlt}lC;;f� t�folr aIr y:lJlution 
rro�le::.s :fC't �:';:1�r8.dioactiye ef±h:c;rts sr� usually nu.:l 1'Cs5 t7:.!tl that of 
s:..::':'lar �i:ec cell r1ants .  

:1 . p. l�·�. sec_ien l O.t . 2 .4  �1mic ipal li&stes 
7ne stat�ent is T.".,:il!e !'�bs:. util ities . hc�'C\'t:': , :;�"'t' -::sr.«\. -J{ �j?: v..-lid 

.. :a5�e J'"..ana�"",ent bu!;i.lleS5 \.."\lcss there is sufficlc:1t inccn�ive for thm 

to de �o". This is as irrelevant to the use 0= �Ql.ui >:ute as declaring 
that utllities are not in the coal railI!!:c:nc!1t bus llll's:>. It propeT 
a:"Iar.g!:"i�nts (ire ia::e "'"1th local t:"miclpaHt.ir-.5 ,  tiA� �l� ll.ltie� could 
r�ci\"e the solid " P5te iTO:; the !7.'llnicips1 itr ':""1 .lt$ p:roc��� r..ate 

(OJ :,efL!$e .. ce;j�·e:' fuel) ,  leil)·iIt� 115C·} id .... �te :""'"LiJja�e:-..ent" to local 
�� ..... ·em�nt. 

!n addition, th� DFF.lS shrultl state hffil" t.� eo;;jssicn of trac� ('J�mts 
car, toe cC7ltrol1e: {ron both t.he- use of coal {\J1.j rchl..�e CC'Tl\'e-� fuel . 

The text has been revised in response to thi s  comment. 

It i s  general l y  accepted that uti l i ti es a re not d i rected towards sol v i ng a 
community ' s  sol i d  waste management probl ems i f  that i s  the onl y  i ncenti ve for 
the i r  uti l i zation of the sol i d  wa ste. Consequentl y .  the potential  envi ronmental 
benefits i n  the uti l i zati ons of refuse-deri ved fuel ( RDF ) in i tsel f wi l l  not be 
a suffic ient i ncenti ve for uti l i t ies  to use RDF . The uti l i ty ,  because of respon
s i bi l i ty to the rate-payers and stockhol ders , wi l l  not enter i nto a rrangements 
whi c h  wi l l  resul t i n  a l oss of money for the uti l i ty .  A further di scus s i on of 
thi s topic i s  to be found in the EPA publ icat ion enti tled Use of Solid Waste as 
a Fue l by Inves tor-Owned Electric Uti l i ty Companies .  ( P roceedi ngs : EPA/Edi son 
El ectr i c  Insti tute Meetings .  EPA/530/SW-6p. 1 975 ) . I n  parti cul a r ,  see the 
" Economics  and F i nanc ing  Sess ion" report.  

The assumpt i on that " i f  proper a rrangements a re made w i th the l ocal mun i c i pa l 
i ty ,  the uti l i ti es cou l d  recei ve the sol i d  waste from the muni c i pa l i ty i n  i ts 
processed state, l eaving the sol id waste management to l ocal government" under
estimates the impact of the term " proper a rrangements . "  The commenting organ i
zation i s  referred to  the  probl ems encountered i n  two of the more prominent such 
sol id  waste-to-energy ventures in establ i s h i ng proper arrangements.  ( See Solid 
Waste Management, Marc h ,  1 978, p. 1 6  for i n formation rel ated to the Union 
El ectr i c  experi ences in St .  Lou i s .  and the Wa l l  Street Journal a rt i c l e  of  
Thursday, November 1 6 , 1 978, p .  1 4  for  i nformation on Whee1 abrator Frye , Inc .  
exper i ences at the  Saugus ,  Ma ss . , pl ant. ) 

A d i scuss ion of the potentia l  a i r  pol l ution control requi red for the control of 
trace el ements from the use of  coal a nd refuse-deri ved fuel ( RDF)  was beyond the 
scope of the E I S .  However,  resul ts from coal and RDF demonstrati on fac i l i ties  
i n d i cates that  el ectrostat ic  prec i p i tator performance effi ci ency may be reduced 

N 
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State of New York ( conti nued ) 

�Z .  o. )1-1  rnviroIT1�,t2.1 Tra�e�Cff$ 
It is st�ted " Tne f.:itic:1al Coru-eq-Je-ncfS c: i..?leJ:.ent L'g tne J:'TC90�ecl 

:ict io!1 \dli 1:e lar�ely '.Z1�is�eTnible to th-� i C!lCTaJ p�}:-lic'" . .\Jthouth 
a ] a�c por tion at the �?.l!aticn -"1.11 not !lc1.ice -:,1,r; C"l"tSf'�l�'!"..ces of 
T" i �  ,et , th�$e in the l."!"�iatc "icinily ct 1"TiC'..l.� i'TMt.� �lJ te 8':?TP 

0: �hE'r. It l!- !'X'st �mli }  .. ;elr t:.at tt.t s'trir rjnin.� D� 'f.';{It; acres a.?JJ1U211�· 
\:�::l (� ll.."'\'.Hsccrr.ible tC tJiO!'£ l-.T-O liyc or ,:rc.·;�l t:.'f::'�i!-' !"�;::z;rl ::�!:icn 5 ,  
:-:.; {"X,;::-ple. 

;J tJ'h.""'-!gh it  is rcco;ni:.� tl,o.t tne�e: i"",::?acts ".t.'l O! ,e'���� 1;1 
!e:�:'tTl!te i!?f\ct $t.ii.tC':"cnts rn the \"a!"l�·� !r.��\·l.:!:;..,j ;..,th�itles .. �4.�f 
t".);"tn::-:e �uct!t nexc teen s;"OO'Lt..e-� oyer �n :t.yc-:.-a:,;:;:':-t:! �:.� ::;.:.�-:s ,:,.o<;:� .a 

lar�e area, 

:3 . 1'. 1 1 -] \-n\"iJ"OJIDelltftl Trade·Off, 
It is stated , "Ih. "am t.hrust o!: the PTUpO�e1 &Cl.il1l: h ttl ;tCU'1r.ate 

tl:osc iF:pact> to t..'Je 1.80 ' 5  an� 19S(l' s  rather than j.lri.-I£ a 13.tcT periOd 

.hE'n �3S 21Id eil shCrtas�s ray force cOo,,:ersions r;Jt>'.:,h snonases an:! 

pI"lCes". This !teens to r..in�l:::e tr.� actual c.a:-..tg-l' :'OJ� .. }�. 1�1��'1j that 
it "i l l  happen e\'entual1y any ....... y. n!!""rdle!S of t� yft'@-;C. 

_nen coa l and RDF are fired . At a fac i l i ty in St. Lou i s ,  particul ate standards 
were not achieved above 1 00 MW ( regardless of the coal and RDF mix ratio ) . 
Consequentl y ,  i ncreased effi c i ency of ESP systems wi l l  most l i kely be requ i red 
for coal and RDF systems .  W i th the use of i mproved ESP systems , control of those 
el ements , part i cularly  t hose in the submicrometer s i ze range, is al so ant i c i 
pated . Trace el ements whi c h  a re emi tted i n  vapor form i s  more d i fficul t to 
conta i n  for coal and RDF systems but i mproved S02 scrubb i ng systems may be 
effec t i ve i n  control l i ng some of these emi ss i ons .  The amounts o f  trace el ements 
emi tted wi l l  be a function of the trace el ement content in the coal and the RFD. 
Further research in thi s a rea wi l l  most l i kely be requi red . A more deta i l ed 
d i scussion of emi ssions and thei r potential  control for mun i c i pa l  sol i d  waste/ 
control systems can be found i n  the fol l owing reference : 

Gorma n ,  P. G . , et a1 . 1 977 . S t .  Lou i s  Demonstration F i na l  Report,  Power P l ant 
Equ i pmen t ,  Faci l i ti es and Envi ronmental Eva l uation .  Envi ronmental Protec
t i on Agency. NTI S  PB- 279 828 . 

The reason for stati ng that the proposed acti on wou l d  be l argel y undi scernab1 e 
to the general pub 1 i c i s that the majority of the popu 1 ace of the U. S. wi 1 1  
not notice the consequences of the Act .  The E l S  does i denti fy those aspects 
of coal use associ ated with the proposed acti on which may cause regional 
probl ems , such as i ncrea s i ng coal mi ning 4 2  percent over base case in Supply 
Region 5 ( Sec.  5 . 5 . 1 ) .  Thi s  mini ng acti v i ty wi l l  be di scernab1 e to those 
persons l i vi ng withi n the general v i c i n i ty of the mi ne . The mine output ,  
however , may not be substantia l l y  dedi cated t o  FUA fac i l i ties , but wi l l  pro
duce for expected uti 1 i ty demand .  Impacts o f  the FUA are expected to be d i  s
persed and not c l ustered in a particul ar area . 

Extreme impacts due to the program are not antici pated e i ther at the pro
grammat i c  or s i te-speci fi c  l evel . The word extreme i s  i n terpreted to mean 
unacceptabl e .  Thi s wi l l  not be al l owed because of mining , water , and a i r  
qual i ty standards whi c h  must be me t  before i nc reased coal use can be 
initi ated at a g i ven s i te .  

N I 
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State of New York (conti nued ) 

This is not necessarily tme. Forced to US� 81 ternaH .fu�h at this 
tke ,  industries 1'"3)' yeT:" >:el l  turn to coal , ',ith it� lm::eJ.i, •. �le lr,>3C ts. 

In lt� or 1.0 years . Jroo...'e\'PT f C'lth�'r , :-:ore c.enh,rn t al't���,i:{·n 'T�� f� Uftt; 

:'easible than they are t(>'jay, as Fel l as ,.ore �&,,,,,,r.ed �ll:'tjm rm1roJ 
tKhnoJ0i:ies. 

The i�lled l1levitabil ity of conversion tc cOll s?1O'..lld net t'f used 
tc JUStify the pro!:=". 

F· 11-4,  T8ble 1 1.:3 'I'nl�e'C:f� 
Th� footnote to thls tabl e states thH the =�e-u:fis are general ly 

natlonal and th2t site s�ciflC i7acts my h-e i"X're pronC'lmct'c. }b",.'ever J 

si: e-spe:iflC b:,,;,ct -"uld re acdresseC at a 1atM" eate. ,�t that ti."'e, It 
'':''J1d li);e1), be too late to expect effecthe cr.;�!"(Jl 0-: .iu,j-. sl-parated 

:::ul t5ple actions hi 1..; cause and �ffect Tela t ic'..s!-.ips sa:h JS the .;d5 rcneack 
nc it! prec ipit�t1cn proble.-:l. 

The use of a l ternate fue l s  may be more ben i gn in 1 0  or 20 years,  as  the comment 
suggest s .  The use of coal may al so be more ben i gn in the future, 

Fuel subst i tut ion  now, however , m i t i gates many of the potent i a l  probl ems asso
c iated with  i mmedi ate de-control of o i l  prices and reduces somewhat the rel i ance 
on forei gn sources , Consequentl y ,  the program i s  less  i nfl ati onary than the 
al terna t i ves i n  the s hort term. 

It  is questionable  whether i n  1 0  or 20 years the d i rect combus tion of coa l wi l l  
look any l ess des i rab le  than a l ternate fuel s .  To i ncur the envi ronmental impacts 
of fuel subst i tution now in order to reduce the economic  costs and strateg ic  
r i S K S  i s  consi dered an acceptable  trade-off. 

The purpose o f  the programmatic  EIS is to eval uate the envi ronmental i mpacts of 
the FUA to the general popul ace, However,  the potentia l  for FUA to cause S i g
n i f icant local or reg i onal i mpacts has been i denti f ied .  L i ttl e i mpact i s  pro
jected for the northea st USA, where ac i d i ty l evel s  may be approach i ng the l evel 
at whi c h  undes i rable  envi ronmental consequences can occur.  

N 
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OREGON 

Di vi s i on of State Lands 

.aMI' W s,.� 

£x8Cutlll9 Department 
INTERGOVERNMENTAL RELATIONS DIVISION 
ROOM 306, STATE LIBRARY BLDG., SALEM, OREGON 91310 

January 16 , 1979 

Ruth C. Clusen. 
Assistant Secretary for Environment 
Department of Energy 
washington , D . C .  20461 

Dear Ms . Clusen : 

RE :  Fuel Use Act 
PNRS 7812 4 230 

Thank you for submitting your draft Environmental 
Impact Statement for state of Oregon review and comment . 

Your draft was referred to the appropriate state 
agencies .  The Departments of Fish and wildlife , Lands . and 
General Services offered the enclosed comments which should 
be addressed in preparation of your final Environmental Impact 
Ststement . 

We will expect to receive copies of the final 
statements as required by Council of Environmental Ouality 
Guidelines . 

�t!/-<4 
A-95 Coordinator 

JtW:cb 
Bnclo8ure8 

Nt IlQUAL  OPPORTUNITY EMPLOYER 

N I " o 



Oregon D i v i s ion of State Lands (cont i nued ) 

OREGON PROJECT NOTIFICATION AND REVIEW SYST�� 
STATE ClEAR I NGIIOUSE '-( 

InterQovernmenta l Helation!! Divis ion fi5)�©IEUWfElDJ 3 0 6  State Library Bui ldinQ, Salem , OreQon 973160 Of Ph : 378-3732 . 0 C l l 1978 
U1LS. S T A T  E R E Y [ E 

ft4'(,f'r. IVISION OF STATE LANDS 
� , . .  . \ �;��? � Project . :  / l" . ' . . Return Date : .  � 

, / / '1''/'3}'f' 
ENVIRONMENTAL IMPACT REVIE.i'L".EO�.s. /'i., , · l�J.<ia 

1 .  A response i s  required to a l l  no tices reque s t i ng environ�n ta l  �eview. 
2 .  OMB A-95 ( Revi sed) provides for a 3 0-day extension of time , i f  

necesaar\:. If you cannot respond by the above return date , please 
call the State Clear inghouse to a rrange for an extension . 

ENVI RONMENTAL IMPACT REVIEW 
DRAFT S'fATEMENT 

----. 

Th i s  project does not have s i g n i
.
f i c a n t  environmental impa c t .  

'The envi ronmental impact i s  adequately described . 

Xl We suggest that the fol lowing points be considered in the prepara
tion of a Fina l Environmental Impact S t a tement regarding this pro
jec t .  
No comment , 

Sec attached 

At_ncr . � .... ....A.� 

REMARKS 

By "L,'c'." " r(. o/'!.f;tI!tV1. ......... 

..... 
N I ...... ..... 



Oregon Divi sion of State Lands (conti nued ) 

Division of S�at. Landa 

PNRS Sta�. Revi_ 
Pro:l.e� 7812 4 230 
Re�urn Data , 1/l2/1? 

Dee. 14 , 1978 

The regulation. to be issued .e the �roposed action are not provided . 
",. state_nt of broad purposes of the Fuel Use Act is a self-serving, 
-God , flag and rIOtherhood- ruse to commit the reader to stand and salute. 
Let' a  a.a draft regulations. 

Similarly, broad statements that effects of acid rain "are not yet quanti
fied , ·  but have been " implicated" are unacceptable in view of increases 
in S02 in over ha l f  of the nation' s  air qual ity reqions . �he purpose of 
a pr09'ranaatic statement may be broatl coverAge, hut-.hen serious problems 
are identified at the national and pr09r_atic scale, these must be examined. 

The fact that fly ash may contain radioactive contll.minants in quantities 
sufficient to create a long-term health ha�arrl is not even mentioned. 

The entirety of Chapter 6 is mere sunnation and d�s not provide enough 
detail to a s  •••• vhether an unacceptable loss w i l l  take place or not . Ef fects 
of 8 1 , 000 acrea of landfill, while d i f fering on a site-speci f i c  basis, 
are not minor because thi. is cumulative and in addi tion to future sanitary 
and aolid vaste landfill requirements. Perhaps the Department of Energy 
feel. that rangeland is unproductive and therefore availahle to use for 
vaste disposa l ,  but the cattlemen don ' t .  

The proposed regul ations for impl ementing  t h e  FUA were publ i shed i n  the Federal 
Reg i s ter on November 1 7 ,  1 978, ( New Fac i l i ti es ) ;  November 22 , 1 978 ( Trans i tional 
Faci l i t i es ) ;  January 5 ,  1 979 ( Spec ial  Rul e  For Temporary Publ i c  Interest)  and 
January 29,  1 979  ( Ex i st i ng Fac i l i ti es ) .  

S i nce i ncreases i n  AQCRs are very smal l and cannot b e  quanti fied , onl y a qua l i 
tat i ve ana lys is  was done. Pred i ct i on o f  changes i n  acid  rai n  woul d be premature 
because a l l factors determining ra i nfa l l aci d i ty are not wel l enough understood 
at thi s t ime.  

Ind i vi dual fly-ash sampl es may conta in  U-238 , U-235, Th-232 and  progeny i n  suf
fic ient  quantities to warrent concern. The hal f  l i fe of U-238 i s  4 . 8  x 1 09 years,  
of U-235 is  7 . 1  x 1 08 years , and of  Th-232 is  1 . 4 x 1 0 , 0  years . The hazard 
from these radionucl i des on a reg ional l evel are d i scussed in the response to 
the response to the statement of the State of Col orado O . E . C . , and the present 
proposed EPA gui del i nes for defi n i ng and handl i ng the rad i oacti ve hazard of fly
ash are d i s cussed in the response to the State of New York comment. 

The impacts of waste d i s posal are d i scussed in Section 5 . 5 . 5 ,  and estimates are 
made of the amount of land whi ch wi l l  be needed for d i sposal . The impact i s  
not eval uated as  bei ng m i nor, nor are rangel ands di scussed a s  being unproducti ve . 

N 
I 
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Oregon F i s h  and Wi l dl i fe 

� OREGON PROJECT NOTIFICATION AND RE

. 

V. IEW SYSTEM • STATE CLEARI NGIIOUSE i.,;.-, 
InterQove rnmentlll Relat ionR Divi s ion , .  ,_ 306 State Library Bui ldinQ ,  Salem, OreQon 97310 , "'t-Ph : 378-3732 " 

eJULS. S T A T  E R E Y I E W� 
Return Date : Proj ect . : �(�.�� ____________ ___ 

ENVIRONMENTAL IMPJ\CTJl.EY.lE.iL l'.ll.()Cm;ru.R£� 
1 .  A response i s  required to a l l  notices reque sting environmental review . 
2 .  OMB 1\- 95 ( Revised ) provides for ., 3 0-day extension of t ime , i f  

necessary . I f  you cannot respond by the above re turn da te , please 
call the State Clear inghouse to arrange for an extension . 

ENVI RONMEN'fl\L IMPI\CT REV I EW 
DRAFT STATEMENT 

Thi s project does 'llOt have s i y n i f icant env i ronmenta l impact , 

( X ) The 
,
envi ronmental impact i s  adequate'I y  described . 

We suggest that the fol lowing poi n t s  be considered in the prepara
tion of a Fi n., l  Environmental Impact S ta tement regil rd i ng this pro
ject • .  

N I " W 



Oregon F i s h  and Wi l dl i fe (conti nued ) 

No co;nme n t . 

REMIIRKS 
The envi ronmental i mpacts of the Fuel Use Act are adequately descri bed in the 

draft programma t i c  E I S .  The adverse i mpa c tt" f  l a rg� - scal e mi n i ng acti vi t i es 
are i dent i fied i n  general te rms and s t a te r ?u}a� j 6�s s i>«u l d  govern the actual 
mi n i n g .  transporta t i on and combus t i on o f  co ,�, 
State and l ocal  resource agen c i e s  shoul d b e  consul ted duri ng t h e  pl a n n i n g  
s t a tes to a s s i s t  i n  mi n i mi z i ng envi ronmental 'impacts a n d  devel opi ng mi t i ga t i on 
for those i mpacts wh i c h cannot be a vo i de d .  

A9�ncy ��-- =9 �" '� \ 'C�� ,q I� 
ENYI . EIITAL �:lAGEME�n S£CTlO�1 1 2/21 /78 

State and l ocal  agencies are part of the rev i ew process for al l s i te-spec i fi c  
anal yses a n d  many permitting proces ses . State and l ocal  i nformation was 
uti l i zed in compi l i ng the E I S ,  as i nd i cated by many of the reference s .  

N I -.J .1=> 



PENNSYLVAN IA 

Depa rtment of Envi ronmental Resources 

, � � 
M 

-diI-llz 
COrn .......... th 

0/ 
_10 

OOVERNOR"S OFFICE 

O'''CE OF THE BUDGET 

PtmnsgltJU/nia 
SItde 
Clearinghouse 
'.0. BOX 1323 - HARRISBURG, ,It.. 17120 - 17171 787'-

7D3133 
February 5 .  1979 

Steven A .  Frank, Chief 
Environmental Evaluations Branch 
Division of Coal Utilization 
Office of Fuels Regulation 
Department of Energy 
Room 7202. 2000 "M" St. NIl 
Washington. D . C .  20461 

Dear Mr. Frank : 

The Pennsylvania State Clearinghouse has received frOID Ruth 
C. Clusen by letter dated Nov.mer 16, 1978, copies of the Draft 
Programmatic Environmental �ct Stat�nt entitled Fuel Use Act 
(DOE/EIS-0038-DI • 

Attached to this letter please find the comaents from our 
Department of Environmental Resources relative to the above State
ment. 

Please consider these cOlllllents the official resp:l'nse of the 
C�nvealth. 

RAH .ar 

Attachments 

cc: File (21 

Si;t:�� 
Richard A� Heiss, Supervisor 
Pennsylvania State Clearinghouse 

N 
I .... (J1 



Pennsyl van ia Department of Envi ronmen tal Resources (conti nued ) 

.... ......... 

tlVI£ALTH or PEN"'llYL: 
COt''''O .• �-\ttl-\ 

DfJ'ARTMENT OF ENVIRONMENTAL RESOURCES 
lOST O,.,.ICE .ox ... " HARau.vaG. PE'NNSYLV ANlA J n te 

January 23, 1979 

SUBJOC'l': �iew am Evaluatial of Ps::II lb. : 255-78 Nov 006 
Draft ProgrIII'IIIIatic £nvir<;nDental 

'1'0: 

�: 

Richard Heiss, SUperVisor 
pennsylvania State Clearingl'olse 

� StatEment FUel Use l\Ct 
Nat.il:lrMide 

/ 

CLlFFQRD H. � C t:L-. �� �.A. "'--
l\Ctin::! Secretary of Envircnnental ResooroeS 

. 

The Pennsylvania Depart:nent of EnVircnnental Re.sourCeS subnits the 
followin:J ccmrents relatin:j to the analysis of air quality i.rIpacts in the 
draft progranmatic EIS on the mplsnentatial of prq>OSed regulations for 
enactin::! the ooal am alternate fuels use program >ihich baa been authxized 
by the Pooerplant am Irdustrial FUel Use l\Ct of 1978. 

1) The draft EIS does not adequately cms:i.der the iDpact of in::reaSed 

TSP concentrations which will result fran the 0CI1II&,.wn of � into 
atm:lSpheric sulfate. The iDpact of increased levels of atJlDS(lheric sulfates, 
which are partiOllates, is particularly significant in areas that are presently 
llCXlilttainnent for TSP or are at or near the natia>al aDbiEnt stan:'Iaxd for 
particulates. While the draft EIS does refer to a "conatant percentage" 
relationship be1Jo1eell an increase in 50:2 am increased ooocentrations of 
particulates at page 5-17, the draft EIS does not analyze the iDpact upon 
partiOllate levels of atm:lSpheric sulfates that are produced by the oonversioo 
of 50:2. 

Pennsylvania has extensive partiOllate rxmatt:airlnent areas. The increaSe 
in atm:lSpheric sulfates fran sc..u:ces outside the state may adversely affect 
pennsylvania'S ability to attain NI\IOi far partiOllate natter. Difficulty in 
attaininJ the NMOS could result in limitations 00 new growth in ncnatt:airlnent 
areas am could force impositial of extrema1y strinJent control strategies in 
tB:>se areas. 

2) Mother serious iupct ..tW:h has receivei insufficiEnt analysis in the 
draft EIS is the health effect BS80Ciated with incxea8ai levels of SO:2 and 
particulates. John D. Bachnann of EPA' s  aesearch Triar¥Jle Park, N.C. , racEntly 
told a technical conference in Philadelphia that studies l.eIlW "little doubt 

The convers i on of S02 to sul fates and the parti cul ate concentra ti ons resul t i ng 
from that convers ion are i nc l uded i n  the analys i s . Because no washout of 
sul fates was assumed ,  the concentra t i ons a re conservati ve . ( See text rev i s i o n ,  
Sec . 5 . 2 . 4 ,  p .  5-22 . )  

The text has been mod i fi ed to further d i scuss the potential  d i rect and transport 
i mpacts of the Ac t on non-a ttai nment areas ( s ee Sec . 5 . 2 . 4 ) . 

See response to comment by Ca l i fornia Energy Commi s s i o n ,  p .  1 2-30 . 

N 
I " m 



£en.nsylY�nia Departmen_LQL El1vi;:9nm�tal  B!:50l!!l� (cont i n ued ) 

Uut increased levels of sulfur oxides and associated particulates are related to 
increase llDrbidity and ITOrtality in e.>.-posed lX'PUlations . "  (BNA, current Dvts . at 
251 , 6/16/7 8 . )  A study by EPA ' s  Environrental Criteria and Assessrrent Office , 
"Air Q.Jillity Criteria for Particulate Matter and for SUlfur OKides , "  states that 
"virtually all of the recent IullllaIl health data in:1icat.es that detrimental effects 
occur '.men sulfur oxides a!ld particulates are interacting . "  (BNA, CUrrent DIlts. 
at 1283, 11/10/78 . )  

"'he draft EIS slD.Jld ackn::Mledge the potential for adverse health inpact and 
irdicate a nee:] to continually evaluate brplanentation of the prClp)Sed regulations 
in light of developinJ health research. 

3) A subject which has received no =nsideration in the draft EIS is the 
irrqact of increase atmospheric sulfate levels upon visibility protection. EPA 
Research Triar'lle Park studies suggest that "sulfates may be the principal cause 
of vie ibility reduction associated with air pollution" in many areas of the 
Unite::: States .  (BNA, Current DIlts. at 251, 6/16/78 . )  EPA in:1icates that "sulfates 
may ac=unt for 50% of the total visibility reduction in the East" and are 
"signi.ficantly associated" with visibility reduction in the SoutlMest. (Iel . )  

1'he draft EIS irdicates that PSD Class I incranents should oot be excee:1o:1 and that 00 pristine airshec!s are "strongly affected" by the program, at page 5-22.  
Hc<.oevE!I" there is no mention of the :inpact of atrrospheric sulfates upon PSD 
visibility requirane. ... ts. nus deficiency slD.Jld receive intrediate attention . The Cl.ean Air Act requires protr<:tion of visibility in certain mandatory Class I 
areas under Sec. 169A of the Clear Air Act (42 U.S.C. Sec. 7491) . Section 169A 
also authorizes states to establish their ""'" visibility protection programs . 
By increasinJ atrrospheric sulfate levels wi tlD.Jt a study of the inpact upon 
visibility in the progrilllm3tic E1S, the Depar1::nent of Energy may well preclwe the 
ability of staws to establish rreaninJful visibility protection programs . 

In surrmary, the Department of Environrental Resources suggests that the draft 
progrdlllllatic EIS be expanjed to inclwe a meaninJful analysis of the brpact of 
increased 1<."I1els of atllDsphere sulfates associated with higher levels of S02 under 
the Filel Use Act upon areas that are presently nonattainrent for particulates and 
areas that are at or near the national ambient air quality standard for particulates. The cIS slD.Jld also carefully consider the inpact of increases in atrrosphere sulfates 
associ ated Wlth the Filel Use Act upon visibility. 

The text has been mOd i fi ed to further d i scuss  the poten t i a l  i mpa cts of the Act on 
v i s i bi l i ty i n  C l a ss I a rea s ( see Sec. 5 . 2 . 4 ) .  

'" I " " 
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Governor ' �  ��fi ce of Energy Resources 

" 

OFFICE OF THE GOVERNOR 
WILLIAM P. CLEMENTS. JR. 

January 18, 1979 GOVERNOR 

I1s . Ruth C. Clusen 

Assistant Secretary for Environment 

Departllent of Energy 

Washington, D . C .  20461 

Dear Ms. Clusen: 

The Draft progrBIIIIBBtic Environaoental Impact Statement for the Fuel Use 

Act has been reviewed by the Budaet and Planning Office and by interested 

and af fected State aacciea. 

The c�_ts of the revleviDI alencles are enclosed to assist your 

plannins effort. If this Of fice can be of further assistance, please 

contact us. 

Enclosure • 

!t� f0 (kulk Sincerely, 

Tom B. Rhodes, Director 
Budget and Plannina Office 

• lCIC\ITMI Cl'l'1CII w,LD- • • .. � 'JTN _IT • AUlTNI. T ...... ,.,.. 

N , ..... ro 



Texas Governor ' s  Office of Energy Resources (conti nued ) 

AGENCY RlVIEW TRANSMITTAL SHEIT 

TO.: Ken Gordon ' Budget (lnd_!lan���,:�.�!:. 

mOM; Q>vernor l ���ne r�� ____ ____ Da t e Scn t : ._�2J....'!_�:'J.._�_. 

_. 
_____ __ Da.te Oll e :  _�!!'i!"'.J.... __ 

SUBJECT: Dra f t  Prograllllla t 1 c  Environmen t a l  l�ac t.J!.!'!�_�� __ R e f e r : E I..:_;_:_ R-Ol�( 

_--I�l_���_�A�c�t _________ ___ 

We hay£, rev iewed t he c ited document and our l·ommE.' n t s  as t o  t he adequacy :) [  t r c. I [ r.:('r. ! { 

envi ronme n t a l  e f f ec t s  ,of Concern a r e  shown bf"low: 

Chpc k .  C>;'L_��s.._c_':_l'}I ._i_t_�,� 
No_�_r�_n1"'H'Tl t _t:.!:�.:...l_<::_�_� 

1 .  Arldi � l onal spE"c i f 1 c  e f f e c t s  vh1ch should be assess('d : 

2 .  J\dd i t ional a l terna t i ves wh i c h  should be cons idered : 

3 .  Be t t e r  o r  more approp r i a t e  measures and standards wh { (' h  
shou l d  b e  used t o  evaluate environm""n t a l  e f f €'c t � :  

4 .  Ad d i t ional con t r o l  measures whi c h  sh0 u l d  be a ?p] i �d t o  
reduce adverse environr:len t a l  e f frc t s  o r  t o  .'!Vuid o r  
m i n i m i z e  t h e  i r r�v(' r s i b l e  or i r r e t r i (·vabl.e comm i t m e n t  
o f  r e s o u r c e s :  

5.  Our ;1 � sessmf11 t o f  h o w  s � r ious t h e  f'nv i ronmC'n t <1 1  d:l;T'l.(l .... ' 
r ror.-. t h i s  pr )j ec t mi ght h e ,  u s i n g  t h e  res t . d t e t"1l .1 t tv '.' 

and c o n t r o l  m(·asur(>s: 

x 

x 

x 

x 

x 

(" We i d e n t i f y  Issues w h 1 (: h  requ i r e  : . ." u r t l'. :" L  a l s(' u s �, � o n  f i r  
resolu t i on :  

' �,�T- � --�l 

[¥�J T h : ; 3 g e n c y  ('onCli r s  w i t h  the impl f?mcn t a l  ion of t h i s  Pt"o j t'r t .  

[� T h i s  agency docs not w i s h  t o  comment o n  t he sub.1f'!,t donmellt b'��: ;) \ 1 ..:; e :  

Enc losure ( s )  

i {  f(', £ \'J ED 
J �\\ 10 1919 

\\udi,t1. / nc\lIO\Or. 
:i� [ k  __ _ _ ___ _______ __ _ 

Name and T i t le 01 Rev f eY I n �  O f f ic ia 1  
L �,.. I C:",.J� ( 

--' 
N , ........ t.D 



Texas Governor ' s  Offi ce of Energy Resources ( conti nued )  

Add itional cl..)ntrol me:lstU12S which should be 3.J:-lplied to reduce ad'l�r3e 
envirot!mentul effects or to avoid or :'!1i.nimize the irreversible or 
irretriev::l.ble ccmni trrent or resourC€)3 :  

CC!.�.IExr 

TIle forced conversion f ran an oil and gas oriented eCOtlOlliT to a. coal 
oriented econcmy in Texas will cause a greater environrrental impact 
on this state than alrrost any other. 

llecause coal ha.s been a little used fuel in Texas this change 
will be intensif iect .  (Jr..)verrment officials and the publ ic general ly are 
not familiar with the technology of coal proc.tuction and use age and the 
resulting environ:ren tal problerrs .  

Two areas o f  IT':ljor concern t o  ?exas should b e  rec] anntion o f  areas 
thH_t have b€€n �urface mined and (he disp')Sul of W;lSCC rcsllltinb frcra co:tl 
u.scage . 

The extent of reclamation effort required by the Federal SUrface 
�1ining and Recla.iJr�tion rtct must be carefully analyzed and consideration should 
be given to enhancing reclarration standards . 

1he degree tv \'.hich the waste dispos:11 problem wil l  be lTtitigated can 
only be determined by a c lose study of the Fede�al Regulat ions established by 
the Envirorunental Protecticn Agency under the federal 'Sater Pol lution Control 
Act , the Safe Drinkin.; \';atcr Act , the Solid Waste Disposal Act and the Toxic 
SUbst.ance Control Act of 1976 . .rD. l re�..llations pram.Il�:lted under the above 
acts should be strengthened to deal specif ica.lly with low lying costal areas 
such as the Texas Gulf C<oast .  

T � e  recl ama t i on of surface mi ned l and i s  d i scussed i n  Sect ions 5 . 5 . 1  a n d  5 . 6 . 1 . 1 , 
and c i sposal of coal wastes i s  d i scus sed i n  Sec t i on 5 . 5 . 5 .  Reg u l a ti ons for 
i mp l ementa t i on of t he Federal Surface Mi n i ng and Rec l ama t i on Act have been 
proposed and are presently being mod i f i ed by the Office  of Surface Mi n i ng Rec l a 
mat i on a nd Enforcement .  Proposa l s  for enhancement o f  rec l amation standa rds i s  
beyond the scope o f  the statement .  Recently i ssued proposed regul ati ons for 
d i sposal of hazardous wastes ( Sect i on 5 . 5 . 5 )  conta i n  important prov i s i ons for 
protec t i ng l ow- ly i ng coasta l area s ,  fl oodpl a i ns , and wetl ands . 

N 
I 
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Ra i l road Commi s s i on of Texas.  Oi l and  Gas D iv is i on 

R .U t R O ." !) r. O � M I S S I f) N  O F  n: \ .\ S  
.lilAC . .... L L  ... C I .  Choi,,,,,,,. 
JON H l w r O N ,  C .... i .. i .. ,.., 

JOHN H .  P O f Jl " f R .  c ...... . . .  ; ...... 

TIoIO .. ",O ... 8U ILD::':::NG,-_-=-_ 

OIL  A N D  G A S  O IV I $ iOr: 
m ... §;-;;�;'·· , � \  A � l  \: i 

-.......:::..� .... / 
C " � I T O L.  " " T ION - �. O. O " " . E III 1 1 9 � )  

January 3, 1979 

�1EMORANDUM TO: Roger DJl J o n ,  Assistant I)j r('(' t o r FJnance and Pro("urement D i v i. 'i ion 

SUBJECT: Dra ft Envi ronm",n t a l  lmpal.:t S t .1 t emenr 
f('Or the >!Fuel Use Act" 

108 • • M A " Jt I S  
C.,.f E .. , ...... 
J .  N . ... O • •  Ow 

A • •  i ..... , C lio  •• , I ........ . 

• " U l l I N  . .. . . . S 

R E C f. l V Etl 
Jt.M .. lm 

Budget; \'ianning 

YOI!r I C' l t e r  d.l l (>d Del�ember I ,  1978 ." H t achf'd a copy of the suhjcC"t d r a f t  E t S .  

1.1(> have rev i C'werl t h i s  docume n t  and havp. n o  commen t s  t o  o f fer inasmuch "'5 i t  
;Iddresses a n  ;:area not w i t h i n  the j ur i s di c t i on o f  thl" O J  1 <lnd G<'lS D i v i s i p n .  

As we d i scus::>t>d hy phnne , i t  Appears l i kE" l y  t h a t  lilt' Tr.lnspnr t a t 1on � SlIrf:;c(' 
Mill i ng ,1 [1(1 G;lS U t l l i t 1 t's Di vis i ons would l ik e l y  be a f ff'ctt>d by ch(' Fue l  U::;l' 
Act n n d  they srould how,-, nn OPlhl r t un i t y  to rl'vh'w t h ,-' d r , l r t  I::: lS "md �;tlhnd t 
t he i r  COtnm(>n t s  to ;.'ou. A('curd fngl y �  I am fon.·;Hd i nt; ,'np i('s of tht, sub j {"cL 
draft ElS to lh{' Transpo r l a t f on and Sur face M i n i ng Di vis i ons and rt!quI' s t i ng 
the former to forward the copy to th� Gas tJt i l i t l e 'i  D i v i s i on upon comp l e t i on 

of thei r rcvi('w. 

Yours very t ru] :--' .  

Jim H .  Morr(l .... 
Ass is t ant Ch i e f  En�ineer 

hy �=4(�---
Engint!er 

I1CH: J c  

N I CO 



Ra i l road Commi s s i on of Texas , O i l  and Ga s Di v i s i on (conti nued )  

Comme n t s  on : 

l )  

Dra f t  Env i ronme n t a l  I mp a c t  S t a temen t for the I I F u e l  U s e  AC l . "  

The fo l l o� i n g  repo r t  h a s  not b e e n  c i t ed :  Wh i t e ,  Dav i d  H .  o nd 
Ol i e  B .  C l emon s , Coa l and L i gn i t e :  M i n i n g , Transpo r t a t i on , 
and tl l i l i z a r ion Ne�ds for Texa s .  Governo r ' s  Ene rgy Adv i so r'Y 
Counc i l ,  June , 1977 . Th i s  repu r t  m i g h t  u pd a t e  Texas dat • .  

2 )  Page 'i - J  o f  t h e  s t udy a s s e r t s  t ha t  " C a p i t a l  ''''a i l a b i l i t "  i s  
n ot v i ewed a s  a c ri t i c a l  c on s t r .1 1 n t t o  most. o f  t h0 s e  
ra i l road s "  ( we s t ) !' ( c . g .  U n i on P ac i t i r ,  Bu r l i n g t o n  
Nur t h e rn ) . "  N u t  a l l  ra i l road an a l y s t s  wou l d  a g r e e . forb� " , 
Oc t ob e r  3D , 1978 , i n d i c a t e s  t h a t  t h e  !lu d i n g t o n  Norl-11 P r n  
manilgclnc n t  m a y  b� u n d c r p s l i m a t i n g  t h e l ; l � k  n h e a d . 

A l so see I CC j udgme n t  t h a t  t h e  r a t e  for t h e  !IN ' s  f rt· i gh L to 
San  An t o n i o  f rom \Jyom i ng shou l d  be i n C redS('d s u b s t an t i a l l y  . 

Person Cond u c t i n g  kev i ew ( S i gn a t ure ) . J�.�j{_ .� 
( Ti t l e )  I.!E.I]�����!.�2n Cou.�_��J. __ . _ _  

Age n c y  Rili..! rS'!,d Co,,!," i_,;�!.o!,�U�� __ Da t e  _ .!/.!lLl,L __ 

Ra i l road Commi ss ion of Texa s ,  Surface Mi n i ng Di vi s i on 

R A I L R O A D  C O M M I SS I O N  O F  T F. X A S  
J O H N  N .  P O I A N I  .. , C h ll . ,  .... .. 
M A C IC  W A L L A C f' ,  C."'''' I •• I ... ., 

J A N I S  I .  ( J I M )  N U G !: N T ,  C ....... I .. l o  .. . .  

-- - - -_.- _ .  _ _  . _ ---
T ... O"-1"'�·O ... e .... I L l' ON (. 

S U R F A C E  M I N ING D I V I S I O N  

lm .. ,�·� .. ····;;�··��\ {; � � . . 1Io! 
\ ...•. � .... :.� ........ / 

C A r> ' T OL 5 1 11, "1" ' 0 " - '  O . r) " "' W E R  I Z", " ]  

.J a n u a r y  1 -: ,  1 9 7 9  

)I r .  W a r d  C .  l;0 c s s l i n g , .J r . , l :oord i n a t o r  
�;l t u r a J  H c s O l l r c e s  S{' ( t i o n 

v�\. \, t \ 'ft. V 

R O Y  E). P A Y N l  
Di ,.u., 

gud g c t  anll ll l .l nn i ng SC'c t i oTl 
(l f f i c e  o f  t h e  lio v e r llo r 
l � X C C tlt i ve U f t i c c  B u i l d i n g 

\'iI \919 

��� 
?,U6.9.e\! \,\a\\(\\\1� 

I I I  lie s t  L i t h  S tr e e t  
:\\ I � t  i n ,  'I\ : x a s  7 8 7 0 1  

Re : D r a f t  E I S .  rul'l U s c  A c t  

The  report was  ava i l ab le  and  was  revi ewed during the  preparation  of the  Draft .  
I t  has  been i nc l uded in  the l i st of references for Section 5 .  

N 
I 
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Rai l road Commi s s i on of Texas .  Surface Mi n i ng D i v i s i on (conti nued ) 

tk\.l T M r .  Go c s s  1 i ng : 
" " ! lC ,I O C tJrnCllt r e fe r e nced ahovc add r e s s e s t h e  ma i n  3 r C:t� 

el f C O l l e e r}l r c g a r (i i n g tile c n v j Tonmcn t a l  e f fec t s of i nc re a s e d  
c o a l  m i n i n g a �; an t i c i pa t ed u p o n  i mp l emen t a t i o n  o f  t h e  Fue l 
l i s e  ;\c t .  The a u t h o r s  fe e l  t h a t  t h e  amoun t of adJ i t  i on a l  
c n v i r o n mc n t :1 1  J Ll m.1gc t o  b e  s us t a i ned due t o  t h i s a c t  i s  i n 
:-i i g n i f i \,." ;l n t  i n  Cor.lp:l r i � o n  t o  t he' i n c r e a s e  i n  co;) 1 usc t o  h e  
(' X 1H·\.: t c d  h' i t hout  j mp l eme n t a t i on of  t h i s a c t .  

\\"h i l c t lw a d d e d  e f fe c t  m:ly h e  sma l l i n  ( omp;l r i soIJ , t h e  t o t :l l  e n d  p t"()\! llC l C O ll I ll he slJ f f i c i cn t , e v e n  wh i l e  d i s c ll ;l r gc s 
!:: � c t  r � J c I';l l �I i r  ;l n u  �a t C" r  q U :l l i t y s t ;lnd;. rd s , to lowe r 
: l llIh i ( ' n t  1 (.' \· I.' l s  to p r c - l �l i O  ] (' v e l s .  T h u s , t h e  l e ng t h o f  t i me 
fo r a s :� i m i l a t l on o f  po l l u t i on p r ou u c t s  h r  t h e  e n v i ronmen t 
shou l d  he c 0 ll s i d c r l' u  fu r t h e r .  

'I'}IC R ;t j l r0;t�1 (o,n,n i s s j ol1 o f  T r x a �  L OJ1 C U r s  t h 1 t  en�ourage !:Il' l l t  o f  a l l  a l t e rna t e f u e l  s o u rc e s , i nc 1 uu i ng c o a l  anJ 
I i )� H i t e b u rll i n g ,  mu s t  h e  p u r sueJ for the econom i c  \\'e l l - h e i nr 
\,) f  o u r  C { l t l O t r), [or bo t h  s h o r t  and l on g - t e rm h e n e f i t s .  

Rill' : H ill 

V7tru/a0urs , 
Po�.A/.�Yn�J 
/li re c t o r  

A s  acknowledged i n  t h e  tex t ,  l ocal  impacts due to the FUA may b e  s ign i ficant.  
However , the overa l l ,  i ncremental effects caused by the program shou l d  be neg l i 
g i bl e .  I t  i s  bel i eved that the impacts wi l l  not be severe enough o n  a broad 
sca l e  to reduce a i r  and water qua l i ty to pre-1 970 l evel s .  

The l ength o f  t ime i t  takes for an added pol l utant to be ass imi l a ted and pos s i bl y  
rendered harmless i n  the env i ronment i s  a h i g h l y  s i te- spec i f i c  phenomenon wh ich 
is  dependent on such thi ngs  a s  the ecosystem type and ambient pol l utant  l evel s .  
Such eva l ua t i ons are beyond the scope o f  t h i s  document . 

..... 
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Texas Air Control Board 

TEXAS AIR CONTROL BOARD 

JOHli l. BLAIR 
Choino .. 
CHARLES R. JAYIIES 
Vici Chlirlftln 

BILL STEWART, P. E. [ucuCi,. Director 

January 1 8 ,  1979 

1520 SHOAL CREEK BOULEVARD 
AUmN. TEXAS 71158 

512/451·5711 

� 
� 

Mr. Ward C. Goessling , J r .  
Natural Resources SectiOn 
Budget and Planning Oftice 
Office o t  the Governor 
4 1 1  Wes t  1 3th Street 
Austin , Texas 78701 

WlLlIAIl Ii. AllAN 
JOE C. BRIOGEFARIIER. P. E. 

FRED HARTIIAN 
D. JACK KILIAN. II. D. 

FRAIIK H. LEWIS 
WILLIAM D. PARISH 

JEROME W. SORENSON. P. E.  

Subject : Draft Environmental Impact S tatement for the 
w Fuel Use Act W 

Dear Mr. Goessl ing : 

We support the basic goal of the Fuel Use �ct , to reduce 
the Uni ted States balance of trade de fici t by i ncreasing 
the use ot domestic solid fuel and thereby decreasing use 
of imported petroleum as boiler fuel . 

We have concerns regardi ng: ( 1 )  the i ndicated anticipation 
that conversion of existing and construction of new natural 
gas and petroleum-burning faci lities to use other fuels may 
impinge on local and regional plans and policies , ( 2) the 
indication that several fede ral poli cies and l aws have the 
potential to be in conflict with individual conversion 
s i tes , and ( 3 ) we are aware that not eno ugh is known about 
Hous ton a i r  pollution as it exists nOW or as it may exist 
after a change in fuel ; there fore , we have no way o f  know
ing whether regulations wri tten now for the implementation 
o f  the Fuel Use Act would be adequate to deal with air 
qual ity problems in the Hous ton area. 

The Federal Clean Air Act controls decisions with respect 
to specific conversions and requires concurrence of the 
Environmenta l Protection Agency (EPA) . EPA has delegated 
to the states the respons ibility for enforcement plans and 
programs . Therefore , s i nce it is indicated that con flicts 
wh ich may arise rel ated to specific individual s i tes will 

Exemptions are ava i l a b l e  if v i o l a ti ons of appl i cabl e Federal , state , or l ocal  
standards woul d  occur for which no fea s i bl e m i t i gation measures cou l d  offset. 

-' 
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Texa s Ai r Control Board (conti nued ) 

be resolved prior to the Department of Ene rgy ( DOE )  
action, we recommend that appli cable state agencies be 
identi fied and b e  involved in the de cis ion mak ing con
currently wi th EPA. 

Thank you for th e opportunity to review this do cument . 
I f  we can be of further ass i s tance , please contact me .  

Si ncerely , rt 
��ty :J 

Roger R. Wal l i s , Deputy Director 
S tandards and Regulations P rogram 

cc : Mr . Lloyd Stewart , Regional Supervi sGr , Bellaire 

EPA must grant a permit  for a new fac i l i ty .  Faci l i t ies are 
with  the C l ean Ai r Act to rec e i ve pre-construction permi ts .  
c hange the  regu l a tory rel a t ion s h i p  between the  U . S .  EPA and  
and l ocal  agenc i e s .  

required t o  comply 
The FUA does not 

the appropri ate state 

There is no l eg i s l a t i ve mandate for EPA concurrence for gra n t i ng or deny i ng 
almo s t  a l l  exempti ons or for the i s suance of a proh i b i t i o n  Jrde r .  There 
are some exemp t i ons w h i c h  mus t  be approved by EPA such as  the peak-load 
type exempt i o n .  The states and EPA are g i ven an opportun i ty to rev i ew a l l 
exemption pet i ti ons and a l l  proposed proh i b i t i on orders duri ng the publ i c  
comment period . 

N I 
(Xl 
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Texas Petrol eum Research Commi ttee , Texas A&M Uni vers i ty 

TEXAS PETROLEUM RESEARCH COMMITTEE 
Tual AIM Unl .. "il, lallr_ COIIIIIII,,1on 01 T rUI Uniurrsllg 01 Trxal 

,,1..1: .... 1: .a"LY "0' 
TI:X" . ..... UNIYIUt.ITY 

COLLI:GI: .TATION. 1' £  ..... 

January 4, 1 979 

Mr. Kenneth G.  Gordon 
Economic Devel opment and Transportation 
Budget and Planning Office 
Offi ce of the Governor 
Box 1 2528 Capitol Station 
Austi n ,  Texas 787 1 1  

Dear Mr. Gordon: 

� t , :  '.:� \'\ 
� ," \. \ -.j \.0 • . ' '.- .... ..; \. 

" .... 
� ,�g l"" , r , 'I" ' �"" �\ I  "', 

('" A�'i:.'tr il'" 
li\,) ..J � 

I _ pl eased to provide you with lIlY views on the "Draft 
Progr_t'ic Envi ro_nta1 IlIIPIct Statement - Fuel Use Act" . 
It' c_nts are attached. 

With very best regards. 

Yours very trul y ,  

c'�wf�: � 
Assistant Di rector 

PBC :jh 
cc: Dr. John C .  Calhoun, Jr. 

attacll!lents 

..... N 
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Texas Petrol eum Research Commi ttee , Texa s A&M Un i vers i ty ( conti nued ) 

. TO: 

AGENCY REVIEIi TRANSMITTAL �IIEl'T 

Ken r-ordoQ Budg,=-��Pll1nn f.n�_��.t�� 

FROM: Texas Pet rol eum Research Commi t t e e ,  Texas At.M �����s'b� e Sent : _.1:.���J..?_�_ 

-----------__________ . _____ Dare Ouc : __ ��4 1 7 9.. __ _ 

Sl'!lJ ECT: � Programroa t i c_ Env i ronmen tal Impact S t a t en:,=.!!.L.--. Refer : ���!.:012-
Fuel Use Act 

W(· have revle· ... cd the c ited docwnent and ou r Cor.Imen t s  a H  to t he adequ:lcy of r rl'a t 1:1(' I : r. 
env i ronmen tal effec t s  of concern a r e  shown belo ..... : 

Chec k (X) f\.lf ('. Ieh f tl ' · ·  'NO�e=r("n:'7,t �"t-�'nc'J\l d 

��J�r�on.'l sr��_���:-�� b� �:�"��: :

-��I�] -- -;-

- -
-

2 .  Add i L i ona l u l lE."rna t ivc!'I vhich should hf! <.'on� ldercd : 

----- -------------------------- ---_. 

3 .  Be t t e r  or JDOre 8lJpropriate mE'a�arf>S �md standard� W' ! d . c h  
f:hou ld bf> used t o  eva1l 1ste eonvironml"n l n l  e f f e r t. .• ; :  

4 .  Add i t iona l con t ro l m('aSLJres which should b e  a p p.l i f'd t o  
reduce adverse env i ronmenta l e f f e\.� t s  or t o  avoid o r  

m i n i n i z e  t h e  i rreve r s ib le o r  irret r i (> vable c\'mmj t m(-nt 
of resources: 

5 .  Ou r assessment o f  h aw  ser ious t h e  enV irOnMf>nt':l 1 damar,(' 

f roll t h i s  proj ec t mi ght be>, using the> bes t a l t prnat t v p 
and c o n t r o l  measu r e s : 

6. We ::'d ent l (y i s su e s  which requ i r e  f l l r t h e r  d l s c u ,R :i l o n  o r  

reso lu t ion : 

_J �� ... ... 

-

i __ --:=1 TJ. t s  n f 0ncy rO:H:ur s  w i t h  t h e  1 mp l('m(�l l t 8 t' I ()n o f  t h t r  p n.'.kr' t .  

[�� Th i s  cg(Oncy do(>s not wish t o  COmJ'T1('n t o n  the ! ; l ll. J t�l..· t  , l ' , l u'Olpn t be(',tm; : :  

EncloSll r � ( 8 )  I� /7 �� 
_____ _ � ��t2-palo-

Paul B. Crawford . Assi stant Dl rector 

N I 
co 
0> '" 



Texas Petrol uem Research Commi ttee , Texas A&M Uni vers i ty ( conti nued ) 

1 .  Addi tional spec i f i c  effects wh i c h  s hould  be assessed : 

If this  program i s  to be put i nto e ffec t ,  we wi l l  need to c hange 

our educati onal system here i n  the State of Texas so that peopl e can 

be tra i ned for work in the coal and l i gn i te i ndustries . It requ ires  

a mi nimum of  four years for  a person to get  a degree i n  en g i neer i ng and 

perhaps ten years of experience to :e accepted as  a seasoned emp l oyee . 

This  woul d  i nd i cate that i t  wou l d  be about 1 995 before we wou l d  have 

trai ned and experi enced peopl e  i n  the coal and l ign i te f ie l d . 

Thi s program a l s o  means that add i t i onal  funds s ho u l d  be added 

to U'n i vers i ty budgets to provide for tra i n i ng i n  coa l and l i gni te mi n i ng , 

process i ng and use.  

Most of the coal  to be used i n  Texas wi 1 1  not come from Texas, 

because of pol l ut i o n .  Coal t o  serve S a n  Anton i o  an.d. Hou s ton i s prov ided_ 

by contracts from northern states . 

Texans now pay the 30% Wyomi ng severance tax on coal . T h i s  

and the i ncreased rai l  charges have had a chi l l i n g effect Q n  promo t i ng 

coal i n  Tex a s .  The apparent economic advantages of us i ng coa l for 

e l ectri c power has appea red as  an i l l us i on . Real costs s how coa l to be 

1 0s i n�1 to nuclear.  A nucl ea r  pl ant costs more, t;/, coa l power costs  $ 1 . 80 
per m; l l ion BTU ' s  and nucl ear D0�, costs $0 . 53 per mi l l ion BTU ' s .  

2 .  Addi tional al ternat i ves which shou l d  be consi dered : 

Texas has 1 00 bi l l i on barre l s  of o i l  known to be i n  p l ace but not 

recoverable under present techn iques and crude oi l pr ices wh i ch  are 

suppressed by federal regul ation .  I f  the  price of a l l  oi l produced 

from tertiary projects were deregul ated to recei ve the market c l ea r i ng 

price the petroleum i ndustry stands ready to i nvest a bi l l i on dol l ars  

in  Wes t Texas a l one to try to  recover a part  of  thi s tert i ary oi l . 

Several coal mi nes have been opened in Texas ; at the g i g  Brown Gen e r a t i n g  
Sta t i o n  of the T e x a s  E l ectri c Serv i c e  Company many of the mi ners "ere n i red 
wi thout prev i ou s  experi ence and were tra i n ed by the mine operator.  

Future DOE proj ect i ons i nd i cat e that Te x::, l i g n i te wi l l  be exten s i ve l y  u s ed i n  
Texas i n  future years , beca use i t  r ::." be combu sted i n  comp l i a nce w i t h  app l i ca b l e  
regu l at i ons . H i gher coa l pri r:, i n  Wyom i ng a n d  i ncreases  i n  ra i l road rates 
a pproved by the ICC wi l l  �'dve  the a ffect of  i ncrea s i ng the advantage of u s i ng 
Texas coal rather T_�'d n Wyom i ng coa l . The dec i s i ons to u se  coal  versus  n u c l ea r 
power wi l l  �:::L De a ffec ted by the  FUA.  Nuc l ea r  power i s  an a l terna t i ve for 
ut i l i :y construct i o n s .  

N , 
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Texas Petrol eum Research Committee. Texas A&M Uni vers i ty (conti nued ) 

By terti ary oi l recovery IIII!thods we could expect to recover 1 0  

bi l l i on barrel s more oi l .  If the market cleari"g price i s  not granted 

o i l  wel l s  and reservoi rs wi 1 1  be abandoned and the cos t of redri l l  i ng 

wel l s  wi l l  precl ude the recovery of the crude o i l . Texas ne�s this 

oi l to r,,;: ��r state and petrochemical i ndustry. 

By promoting a coa i ,;C::�omy one does not promote Texas .  Texas 

power plants are importing coal from other ,;��t.es . Texas has substantial 

amounts of l i gn i te - a low fonn of coal . Texas l ignite presents a 

greater pol l ution probl em than the imported coa l s ,  so coal i s  

imported . A few strict a i r  pol l ution rules and Texas l ignite wi l l  

not be a serious competi tor for coal . Twenty percent of the cost of a 

c lean coal burning pl ant now goes for scrubbers . 

3.  Better or more appropriate lIII!asures and standards which should 
be used to eval uate environmental effects : 

The envi ronmental impact statement provides considerable information 

on the effect of the process on plants and animal s ,  however " these 

envi ronmental impact statements rarely relate to the effect of Implementa

tion on the employment and remai ni ng purchasing power of the peopl e  both 

upstream and downstream of the insta l l ation . 

Air  pol l ution enforcement agencies told the offi c ia ls  runni ng 

the l igni te power pl ant at Fai rfield to add 35 mi l l ion dol l ars worth 

of scrubbers even though the flue gas met the a l ..- standards .  Thi s money 

has to come from the food , clothing and shelter budgets of the electrical 

power users. These are the downstream envi ronmental effects. 

Should Texas swi tch from a petroleum to a coal economy it wi l l  

have a very serious hnpac., Vh v u ,  petro l eum - _ A  nptrochemical i ndustry 

lIhich employes about 200,000 people. 

Oi l prices have been ri s i ng si nce the oil  embargo i n  1 974 .  Al though crude o i l  
i s  sti l l  regul ated, h i gher prices a re expected. Increased terti ary o i l  recovery 
woul d  hel p to meet o i l  consumption needs i n  the 1 980 ' s  and reduce the rel i ance 
on foreign sources. However, th is  o i l  is better used for gasol ine,  home heating 
fuel and feedstocks for petroleum-based products rather than as a fuel for elec
tri c i ty and i ndustrial  steam. Even wi th more o i l  produced , i ts most benefi c i a l  
appl i cation i s  not i n  l a rge boi l ers greater than 1 00 mi l l ion Btu ' s  heat i nput .  

The market c l earing price  for terti a ry oi l  i s  qui te compl ementary to the FUA 
9 i ven that the U . S . i s  expected to import more than hal f  i ts o i l  needs in 1 985 
( Energy Information Admi n i stration Projection series C ) .  Both the FUA and 
h i gher prices for domest i c  o i l  w i l l  hel p reduce o i l  imports. 

Al l coal combustion emi ssion s��rces i rregardless of coal ori g in  wi l l  be requi red 
by the new Cl ean Ai r Act Amendments :f 1 977 to remove a certa in  percentage of 
S02 (see response on p .  1 2-80 ) .  

No changes i n  empl oyment o r  purchasing power are expected upstream o r  downstream 
of a pl ant us ing coal unl ess more ma i ntenance personnel a re requi red to operate 
the i nstal l ation .  (See response to Cal i forn ia Energy Commission Comment on 
page 1 2-33 perta i n i ng to the regul atory ana l ysi s . )  

The shift to coal may requi re add i t i onal capi tal to meet envi ronmental regula
tions . The regulations a l l ow that these costs be consi dered prior to any regu
l a tory act i on to s h i ft to coal . (See response to Cal iforn i a  Energy Commi ssion 
comment on page 1 2-33 perta i n i ng to the regul atory ana l ysi s . )  

Coal used i n  boi l ers replaces petroleum that could  be used as feedstocks rather 
than for heat,  electric i ty ,  or steam. In  thi s sense a coal swi tch shoul d benefit  
Texas because Texas produces many petrol eum-based chemical s .  

N I 
00 
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Texas Petrol eum Research Commi ttee , Texas A&M Uni vers i ty ( conti nued ) 

Shoul d  Texas swi tch to a l i gn i te economy i t  woul d  do much more 

for us . We must have environmen ta l standards whi ch wi l l  permi t Texas 

l i gn i te to compete with  cl ean bunn i n g ,  h i g h  BTU coal imported from 

other states . 

4 .  Add i t i onal  control measures which shoul d be appl i ed t o  reduce 
adverse envi ronmental effects or to avoid or mi n i mi ze the 
i rreversibl e or i rretrieva b l e  commi tment of resources : 

The devel opment of markets for out-of- state coa l should  not be 

done at the expense of our es tabl i s hed o i l  a nd g d S  i ndustry nor f l edg l i ng 

1 i g n i te i ndustry .  

I f  our a ttention  s hou l d  b e  d i rected t o  deve l op i ng a coa l econOlllj 

ra ther than the conti nua t i on of o i l  ilild gas we ca n expec t an i rr0tr i ev J b J e  

l oss o f  petroleum re�ources o f  the order of  ten b i l l i o n  ba l-rel s of  o i l .  

The return on  i nves tment to the petro l eum i nd u s t ry ,  part i cu l a r l y  a s  g a s  i s  dereg u 
l ated and  dome s t i c  o i l  p r i ces r i s e ,  s ho u l d  b e  a more than  a dequ a te i ncen t i ve to 
con t i nue to i nvest i n  o i l  a nd g a s  because Texas produces many petro l eum-ba sed 
c hem i ca l s  ( s ee prev i ou s  response pert a i n i ng to 502 removal ) . 

Petrol eum i s  a l i m i ted domes t i c  resourc e .  Petrol eum not  used i n  bo i l ers proba b l y  
wi l l  b e  u t i l i zed e l sewhere , where some of  i ts u n i q ue propert i e s  make i t  a n  even 
greater a s set . T h i s  i s  con s i s tent w i t h  the purposes of  FUA ( see Commen t  2 ,  
p .  1 2-81 ) .  

-' 
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VERMONT 

State Energy Office 

OFFICE OF THE GOVERNOR 
5,'ATE A-95 CLEARIIIGHOUSE 

� �--., 
STATa PLA ..... NO O ..... ,c£ 

,:1:.£ )), m 
STATE OF VERMONT 

MOffT ... LI .... V.IltMONT 01101 

IlEIIORAHDOII 

To: Steven A. Frank. Chi.f, Environmental Evaluations Branch 
Divis ion of Coal Utilization , Office of f"uels Repulation 
Deoartment of Enerp'v 
Room 7202 , 2000 M Street , H.W • •  Washtnvt'on , ' . C .  20461 

FraIl: John E, Ho1_r�. S,t .. te A-95 CoordinAtor , \£ Itt' 
Date : Januarv 15 , 1979 

.,".A COD. 10111 ... n2a 

Subjec:t : Draft Environmental lmoact �t .. te . Coal an1 Alternate ruels ProC!1"am . 
rue! U.e Act of 1978 ,  OOr.-EIS-0038-D 

As 'the State Clearinghouse under OHB Circular A-95 
we haw no'tlfled o�her public a�encies with a possible 
interest in your : Draft Environment .. l Imf"I .. ct <:;tate:nen t .  

Copies o f  eOllllen'ts received are attach�d; fro"! the 
Vet"Tl't':)nt ')tate r.nerp.v Office . 

JEH :en 
encl . 

N I co ...... 



Vermont State Energy Office (conti nued ) 

VERMONT STATE ENERGY OFFICE 
STATE OFFICE BUILDING 

IIONTPFLIER. VERMONT 05602 
Tel . 802 828-2393 

II E II 0 R A N  D U ll  

'1'0 :  
FROM : 
DATE : 

"oM E. Hollltierg. State A�9S Coordtnlltor /I 
Allin Turner. IIoocI Ene"" Spect.l nt at. :t.
.January 8. 1979 

SUBJECT : C-nts on Envfro_tal Stat.ent for Fuel Use Act 

110 evaluatfon of envi ronmental illpacts due to the use of IIIOOCI for 
energy fs IIIde. The reaso�ing gi ven for thi s omission i s  both outdated 
and mi sfnfonaed. On page 10-7 . Section 10. 2.2.3  8iomass. the fol lowi ng 
statement i s  IIIde: "The present state of development of biomass technol ogies 
and anti cipated production in cOl1lllt!rcially usable quanti ties i ndicates that 
there is l i ttle l i kel i hood of IIIjor contribution to the i ndustrial sector 
of process steam by the direct uti l i zation of biomass by 1990.·  (The Department 
of Energy nsts i tself as the source of thi s i nformation . )  The foregoi ng 
statement is wrong . 

In 1978. wood accounted for 1 . 64 X 1012 8TU ' s  in Vermont i ndustrfal use. 
primari ly for process steam. This 1 5  five (5) times the use fn the previous 
year. This trend . at a somewhat l esser rate. is expected to continue both i n  
Vermont and other rural . forested sections o f  the country . This w i l l  amount 
to the equival ent of many bi l l ions of barrel s of oil annual ly and wi l l  
represent a significant contri bution to i ndustrial energy needs. Concurrently. 
a 1 1 ke expansion in the production of el ectricity from wood fuel . primari ly 
from cogeneration faci l i ti es .  fs anti ci pated. 

The second paragraph of Section 10. 2.2.3 states : "Wood. primarily from 
tree-crop plantation . . . .  fs considered to be most feasible biomass feedstock . . .  • 

Though wood is the most feasible. it wi l l  come from the vast amounts of existing 
cul l  material in the forest suppl emented by both harvesting and mi l l  residue. 
not from ·"tree-crop p1antatfon" (a mi snomer for energy plantation) . 

The third paragraph of Section 10. 2.2.3 correctly poi nts out that the 
envi ronmental fmpacts of harvesting and burning wood will  be significantly l ess 
than for coal . This shou1 d , not be interpreted to mean. however. that those 
impacts are not Significant tn and of themselves. Fol lowing is a partial l i st 
of areas where environmental fmpacts from wood energy are considered a potential 
probl em: 

AT/pr 

Soil Erosion 
Water Pol l ution 
Nutrient Oep1 etion 
Soil Structure 8reakdown 
Air Pol lution from Combustfon 

Traffic Congestion 
Ash Di sposal 
Wi ldl i fe Habitat Oegradatton 
Aesthetic Impacts 

Air and Noise Pol lution from Transportation 

The text has been expanded in response to thi s comment ( see Sec. 1 0 . 2 . 2 . 3 .  
p .  1 0- 7 ) .  
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GIO,ge H. L •• r.nce 

Off ice of Publ i c  Hearing Managemen t 
Department of Energy 
Box WA, Room 2 3 1 3  
2000 M .  Street, NW 
Washington, DC 20461 

Gentleme n :  

7S!92.1/d 
February 9 ,  1 9 7 9  

The American Gas Associa tio n ,  which represents some 3 0 0  
natural gas distribution and transmission

'
compan ies serving 

over 1 6 0  mi l l ion U . S .  consume r s ,  is pleased to provide the 
Department of Energy with our industry ' s  comments and 
recommendations on the Dra ft Envi ronme n ta l  Impact Sta tement 
for the coal and a l ternative fue l s  program authorized by 
the Powerp lant and Industrial Fuel Use Ac t of 1 9 7 8 ,  DOE-EIS-
0 0 3 8 - 0 .  

A . G . A .  bel ieves that the following i ssues were not adequa tely 
addressed in the dra f t  impact s tatement :  

1 .  The environmental impacts o f  the Fuel Use Ac t 
( FUA) were a s se s sed in isolatio n .  These environ

mental impa c ts should be assessed wi th reference 
to the pro jected increase in overall national coal 
use which resul ts f rom diverse government regula
tions and pol icies , including the FUA, Energy Supply 
and Environmenta l Coordina tion Act ( ESECA ) , Energy 
Policy and Conservation Act (EPCA) . 

2 .  Cons tra ints on FUA implementation posed by other 
Federal laws and po l icy should be discussed (e . g . ,  
both the non-attainment a nd s igni ficant deterioration 
provisions o f  the Clean Air Ac t o f  1 9 7 7 ,  Clean Water 
Ac t of 1 9 7 7 ,  Resource Conservation and Recovery Ac t ,  
the Surface Mining Control a n d  Reclama tion Act, and 
o ther s )  • 

3 .  The rel ationship between pro j e c ted cost and increased 
coal use should be detai led . Spec i fica l l y ,  national 
i n f l a tionary impac ts , s i te spec i fic cost impa c ts , a nd 
negative balance o f  trade impl ications ( including 
increasing the regulatory a nd cost burden a s sociated 
wi th manufacturing in the U . S . )  o f  the FUA should be 
examined for their own impo rta nc e ,  and insofar a s  these 
induce e nvironmental e f fects . 

..... 
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American Gas Assoc i ation (conti nued ) 

Office of Public Hearing Management 
page 2 
February 9 ,  1 9 7 9  

4 .  The alternatives section (Chapter 10) should include 
examination of several natural gas options that 
could also achieve FUA objectives . The modest 
energy goals ( 1 . 4  quads in 1985 and 2 . 6  quads in 
1 9 9 0 )  projected from the implementation of the 
FUA could easily be achieved with any of several 
methane options , and could also be achieved with 
high-Btu coal gasification . 

The Fuel Use Act Draft Environmental Impact Statement does 
recognize the constraints on the coal conversion program 
mandated by the Cl ean Air Act. The EIS state s ,  "A ma jor 
constraint to coal use in the future will be enforced attainment 
of air quality standards . In this analysis , all combustors 
shown technically and economically capable of burning coal and 
located in AQCRs considered to be in violation of air quality 
standards ( " non-attainment" ) were treated as automatica lla ixempt from the program , and were considered to be preclu ed 

rom coal burning" (emphasis added ) (Page 3-6 ) . The proposed 
regulation implemen ting the Fuel Use Act for new facilities , 
howeve r ,  does not at all provide �utomatic exemptions to 
facilities located in a i r  quality control regions f a i l ing to 
achieve National Ambient Ai r Qua lity S tandards . Rather ,  
the proposed implementing regulations require companies seeking 
an exemption from the Fuel Use Act to go through a lengthy and 
diff icult environmental permitting process .  The proposed 
regulations and the Draft Environmental Impact Statement 
are, therefore, inconsistent with regard to this poin t .  

The A . G . A . , therefore , submits the fol lowing recommendations 
to the Department of Energy regarding the Draft Environmental 
Impact Statement to the Powerplant and Industrial Fuel Use 
Act of 1 9 7 8 : 

1 .  Re-examine the inherent natural gas supply projections 
underlying the FUA-E I S  ( e . g . , statement on page 2 - 6 )  
to recognize potential new gas production l ikely to 
result from implementation of the Natural Gas Pol icy 
Act of 1 9 7 8  as wel l  as addi tional suppl ies from 
supplemental sources including Alaskan gas , coal 
gasif ication , imports from Canada and Mexico , LNG , 
SNG , and various new unconventional gas technologies 
( e . g . , geopressured gas , tight seams gas , Devonian 
Shale , biomass , etc . ) . 

2 .  Quantify the . limitations on coal conversion resulting 
both from the Clean Air Act ' s  non-attainment and its 
significant deterioration provi sions . In this regard 
ensure that the envi ronmental exemptions examined 
in the E I S  are consistent with those presumed in the 
FUA implementation regulations issued by ERA. 

..... 
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Ameri can Gas Assoc iation (conti nued) 

O f f ice of Pub l i c  Hearing Management 
Page 3 
February 9 ,  1 9 7 9  

3 .  Quantify all national envi ronmental impa c ts that 
will resu l t  from all federal pol icies , which , taken 
together , encourage the use of coal by industr y .  

4 .  Contrast the above environmental impacts w i th 
tho se produced by a methane option des igned to 
resul t in an amount of imported o i l  reductions 
that is equivalent to the reductions e s t imated 
to occur under FUA implementatio n .  

5 .  Study and qua n t i fy the economic cos t  to key 
industries and the natio n  of displacing gas w i th 
coal for both exis ting a nd new industr ial energy 
users versus the cost of providing h igh-Btu coal 
gas to these use r s .  

Detailed comments on the Fuel Use Ac t EIS a r e  a ttached . 
Plea se �all me with any questions or comments on ( 70 3 )  8 4 1-8600 . 

:;:#� 
George H .  Lawrence 

GHL : s l 
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Ameri can Gas Associat ion (conti nued ) 

WRITTEN COMMENTS OF THE AMERICAN GAS ASSOCIATION 

ON 

THE DEPARTMENT OF ENERGY ' S  DRAFT 

ENVIRONMENTAL IMPACT STATEMENT FOR 

THE COAL AND ALTERNATIVE FUELS PROGRAM 

AUTHORI ZED BY THE POWERPLANT 

AND INDUSTRIAL FUEL USE ACT OF 

19 7 8 ,  DOE-EIS- 0 0 3 8 -D 

February 9 ,  1 9 7 9  

- - - - - - - - - - -- - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -

Introduction 

The American Gas Associat ion , wh.:�ch represents 50:':\8 ] 0 0  
natural gas d i s tribu t ion and transo i s s ion companies s e r v i rlg 
over 1 6 0  mi l l ion U . S .  consumers , is pleased to provide the 
Department of Energy with our industry ' s  comme nts and recom
mendations on the Draft Environmental Impact Statement 
for the coal and a l ternative fuels program authorized by 
the Powerplant and Industrial Fuel Use Act of 1 9 7 8 , DOE
E I S - 0 0 3 8 - D .  

Spe c i f i c  Comments a n d  Recommendations 

The American Gas Association feel s the following i s sues 
were not adequately addressed in the draft impact s tatemen t :  

1 .  The environmental impacts o f  the Fuel U se Act 
(FUA) were asses sed in i solation . These envi ron

mental impacts should be detailed with reference 
to the projected increase in overall national 
coal use which resu l ts from diverse government 
regu lations and polici e s ,  including the Fuel U s e  
Act . 

Ba se case projections  of coal  use were deri ved from a model created spec i f i ca l l y  
t o  assess t he impact o f  the proposed i ncenti ves i nc l uded i n  the Nati onal Energy 
P l a n .  T h e  coal use that wou l d  be a ttri buta bl e t o  ESECA and other energy pol i cy 
opti ons a r� i nc l uded wi t h i n  the base case.  Impacts are presented within the E I S  
for both base case and the proposed action .  

The Cl ean Ai r Ac t and i ts amendment s .  t he Resource Conservat i on and  Recovery 
Act .  the Surface M i n i ng Act a nd other l eg i s l at ion  and regu l a t i ons tend to 
constra i n  coal use. Moreover. the Na tural Gas Pol i cy Act encourages the produc
t i on of natural  gas (not coa l ) a nd hel ps to reduce concern about gas avai l 
abi l i ty .  On bal ance . governmental pol i c i e s .  l aws . and regul ati ons woul d  not 
i nd i cate that base-case coal projections are a refl ection  of federal i nten t to 
encourage coal use. 

-' 
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American Gas Assoc iation  (conti nued ) 

2 .  Constraints on FUA implementation posed by other 
Federal laws and policy should be ' di scussed ( e . g . , 
both the non-attainment and significant deterioration 
provisions of the Clean Air Act of 1 9 7 7 ,  Clean 
Water Act of 1 9 7 7 ,  Resource Conservation and Recovery 
Act ,  the Surface Mining Control and Reclamation Act, 
and others ) . 

3 .  The relationship between cost and increased coal 
use should be detailed. Specifical l y ,  national 
inflationary impacts , s i te spec i f ic cost impact s ,  
and negative balance of trade implications ( including 
increasing the regulatory and cos t burden associated 
with manufacturing in the U . S . )  of the FUA should 
be examined for their own importance , and insofar 
as these induce envi ronmental effects. 

4. The a l ternatives section (Chapter 10) should include 
examination of several natural gas options that 
could achieve FUA obj ectives . The modest energy 
qoa l s  ( 1 . 4  quads in 1 9 8 5  and 2 . 6  quads in 1 9 9 0 )  pro
jected from the implementation of the FUA could 
eas i l y  be achi eved with any of several methane 
options ,  and could also be achieved with high-Btu 
coal qaaification. 

The rel ationshi p of FUA to the c i ted Federal envi ronmental statutes is di scussed 
in Sec tion 2 . 4  of the Draft E I S .  Other statutes a re d i scussed throughout the 
E I S .  The d i rect i mpact of these statutes wi l l  be on a s i te-spec i f i c  l evel , and 
these wi l l  be addressed i n  s i te-spec i fic  ana l yses for each appl ication by the 
appropriate regulatory agency. The envi ronmental exemption of FUA i s  des igned 
to permit an exemption i n  those cases where compl i ance with a ppl icabl e envi ron
mental standards i s  not poss i b l e .  

A regul atory a na lys is  o f  the program h a s  been performed ( Energy Information 
Admini stration,  1 978 , Ana lysi s of Proposed U . S .  Department of Energy Regul ati ons 
Impl ementing the Powerpl ant and Industri a l  Fuel Use Ac t ,  DOE/EIA-01 02/21 , U . S .  
Department o f  Energy, Wa shi ngton ,  D . C . ) .  On a s i te-spec i f i c  bas i s  a n  exemption 
can be a ppl i ed for when the cost of us ing coal or an al ternate fuel "substan
tia l l y  exceeds "  the cost of u s i ng imported o i l .  

See r�sponse to comment by State of New York , p .  1 2-67 .  
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American Gas Assoc i at i on (conti nued ) 

The A . G . A . , therefore , submi t s  the fol lowing reconunendations 
to the Department o f  Energy reg<1rd i ng the Dra f t  Envi ronmental 
Impact Statement to the Powe rp l a n t  and Tndustrial Fue l Use 
Act o f  1 9 7 8 :  

. 

1 .  Ro-examine thc illherent n il t �ral g d S  s u p p l y  projec tions 
unde r l y i ng the FUA-E I S  ( e . g . , st<1 tement on page 
2 - 6 )  to recog n i z e  po te n t i a l  new gas production 
l i k e l y  to r e s u l t  f rom implemen tat ion of the Natural 
Gas Pol ic y Ac t of 1 9 7 8  a s  we l l  a s  add i t ional supp l i e s  
from supplement<11 sources including Alaskan g a s ,  
c o a l  ga s i f i c a t ion , imports f rom Canada a n d  Hex i co , 
LNG , SNG, and v a rious new unconven tional gas tech
nologies ( e . g . , geopressured ga s ,  t i ght seams 
ga s ,  Devonian sha l e ,  bioma s s , e tc . ) .  

2 .  Quan t i fy t h e  l im i ta t i ons on coal conversion r e s u l t i n g  
both from the C l ean Air Act ' s  non - a t ta i nment and 
i t s  s i g n i f icant deterioration prov i s i on s .  In th is 
regard ensure that the e n v i ronme nta l exemptions 
examined in the EIS are consi stent wi th those 
presumed in the FUA implementation regu l a t ions 
i s s ued by ERA . 

3 .  Qua n t i fy a l l  n a t i onal envi ronmen t a l  impacts that 
wi l l r e s u l t  from a l l  federal pol i c i e s , whi ch , taken 
togethe r ,  encourage the use o f  coal by i ndus try . 

4 .  Con trast the above e n v i ronmenta l impacts wi th 
those produced by a methane option des igned to 
r e s u l t  i n  a n  amount of imported o i l  reductions 
that is equivalent to the reduc t i ons e s t i mated 
to occur under FUA implementation . 

See response to USEPA comments about projected o i l  and gas s a v i ngs and uncon
ven tional  gas produc t i o n .  

T h e  t e x t  has been mod i fi ed t o  further d i scuss the poten t i a l  impacts of t h e  Act 
o n  non-atta i nment a reas a s  wel l as  PSD requi rements ( see Sec . 5 . 2 . 4 ) .  It i s  
not pos s i b l e  to quan t i fy the l imi tati ons o n  i ncreased coal use because o f  non
a t ta i nment or s i gn i ficant deteri ora t i o n  prov i s i o n s .  These l i mi ta t i ons wi l l  
onl y become evident when permi ts for coal use due to FUA are apo1 i ed for. The 
analys i s  performed w i t h i n  the EIS is devel oped as  wo rst-case . L ir;;i tations due 
to non-attai nment or PSD w i l l  only reduce the amount o f  coal use a t tri bUtab l e  
t o  the program. 

DOE bel i eves that the a n a l ys i s  done for the EIS refl ects the best poss i b l e  
quanti f i c a t i on of the e n v i ronmental  impacts " h i c h  wi l l  res u l t from the i m p l e
men t a t i o n  of FUA , as wel i  as synerg i s � i c  ifT'.pacts of F!.JA and other Federal 
programs . The agenc i e s  respon s i b l e  for maj or Federal a c t i o n s  taken under other 
author i t i es w i l l  be requi red to comply with NEPA . 

See response to U . S .  EPA comment about projected o i l  and gas savi ngs and 
Amert.can Gas p.s s o c i a t i o n  comment above on natural gas s u pol i es .  Combu s t i on o f  
methane wou i d resu 1 t i n fe',';er � n v  i ronmen t a  1 � rroac ts . Hm·;ever . na t u  r a  1 gas u s e  
i s  t o  be ( e s e �.-'''jed f o r  p r � c, ('.� ':J ...o s e s  i n  k2-;; ;..- : ." ;  :Ii :"": t h e  i (1 : :::: ,1 � ,:: '; �he  �,c '.: .  
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Ameri can Gas Association (conti nued ) 

5 .  Study and quantify the economic cost to key 
industries and the nation of d i splacing gas with 
coal for both existing and new industrial energy 
users versus the cost of providing high-Btu coal 
gas to these users . 

February 9 ,  1979  

ATTACHMENT 

-� 2 /� , . .-;;::C/�t;--
George H .. Lawrence 
Preside n t ,  
American Gas Assoc i a t ion 

February 9, 1979 

DETAILED COMMENTS ON DRAFT EIS 

Chapter 1 - Summary 

o Impacts of FUA should no t be examined in isolation 
from other , rel a ted Federal actions ( ESECA, 'Energy 
Tax Act , etc . ) to promote coal use -- envi ronmen tal 
impacts are , therefore, grea tly understated . 

o Deterioration in national air quality,  improving 
since 1970 , should be more direc t l y  brought out 
and examined . 

o Weather and cl imatic impac ts , including acid ra infall 
and C02 build-up , should be examined wi th regard 
to total antic ipated coal u s e .  

o l�a tcr quali t. y  problems a s s o c i a t ed ",Ii th t r 3 c C  e lements 
should be examined in greater de ta i l .  A � t icipa t2d 
incremental increases in toxic substances should be 
shown . 

o E nvironmental trade-o ffs sec tion should : 

cover all coal use 
discount the amount o f  gas which wi ll be 

made available to h i gh prior i ty users by 
the FUA 

consider the load balancing cost and environ
mental impacts on gas consumers which result 
from the loss o f  industrial c u s tomers 

An analys i s  of the envi ronmental impacts associated with coal gasi fication are 
presented in the FUA/EIS  as wel l  as the ESECA/FES ( Vol .  I ;  p. V I I I - 1 65-1 77) . 
Coal gasi fication is treated as an al ternative within the proposed program and 
not as an al ternative to the program . Consequently, the promu lgation of the Act 
shoul d  provide a stimul us to the use of synthetic gas derived from coal or other 
al ternative fuel s .  

High-Btu gas ification, however ,  does not appear to be a signi ficant commercial ly 
viable technol ogy by 1 990 and , therefore, is not analyzed i n  this EIS .  This 
concl usion i s  based upon DOE analyses referred in  the FUA/EIS .  

See response to  comment by American  Gas Assoc i at i o n ,  p .  1 2-89 . 

A i r  qua l i ty changes due to both base case and the i ncrement are d i scus sed for the 
t ime per iod of 1 985 and 1 990 .  Potent ia l  for deteri oration is a functi on of the 
a i r  qua l i ty re9u l a t i ons in effec t ,  those presently bei ng consi dered and future 
regul ations  p l u s  the deg ree to wh i c h  these wi l l  be enforced . 

The ba se-case envi ronment i s  d i scussed i n  Sec t i on 4 .  Incremental i ncreases over 
base-case envi ronment a re d i scussed in Sect i on 5 .  The comb i na t i on o f  the i ncre
ment p l u s  base case equa l s  tota l antic i pated coal use .  

A d i scu s s i on more deta i l ed than  the  summary is  found i n  Sec tions 5 .4  and 5 .6  of 
the  text . 

The base case d i d  represent tota l coa l use wi thout the program. The envi ron
mental trade-off section i ncl udes the i nc rement assoc i a ted with the program ( see 
response to American Gas Assoc i at ion  Comment 1 ) .  
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Ameri can Gas Associ at ion (conti nued) 

Chapter 2 - Description o f  the Proposed Action 

o The envi ronmen tal bene fits projected from implementation 
of the FUA are overly ambitious in that forecast increases 
in coal use are limited to 71 ( 1 9 8 5 )  and 129 ( 1 9 9 0 )  
m i l l ion tons p e r  yea r .  

o In the subsection on relationship t o  other federal 
actions there i s :  

little mention o f  present and prospective 
Federal coal leasing activi ties 

no discus s io n  o n  potential negative impac ts 
on Federal e f forts to develop dome s tic sources 
o f  o i l  and gas ( e . g . , EGR, EOR, Outer Continental 
Shel f , geopressurized methane ,  e tc . )  

Chapter 3 - I'.�thodology 

o The FUA-EIS correctly excluded the following combustors : 

- non-boilers 
boilers with capaci ties less than 1 0 0  MMB tu/hr . 

_ existing bo ilers n o t  designated to use coal 

_ boilers in non-attainment regions 

_ boilers for which the co s t  of using coa l is 

substantia lly higher than the co s t  of using oi l .  

The E I S  cannot d i scount the amount of gas made ava i l abl e to h i g h-pr i o r i ty users . 
T h i s  avai l ab i l i ty of gas cannot be as sured and consequently  the benefi ts ex i st .  
( See response to Ca l i forn i a  Energy Commi s s i on Comment 1 0 ,  p .  1 - 1 3 ) . 

Al though some p i pel i ne cu stomers l ost due to the FUA may res u l t  i n  h i g her costs 
to rema i n i ng users of the system , the argument is hypothe tical  except on a s i te
spec i fi c  bas i s .  The cost depends on the extent of the system , growth i n  new 
customers ,  demand on the system , and actions by sta te reg u l a tory agencies regard
i ng add i t i on of customers .  The Natura l Gas Pol i cy Act may a l l ow new c ustomers 
and thereby offset any l oad-bal a nc i ng costs . 

It i s  bel i eved that t he env i ronmenta l benefi ts are acc uratel y refl ected i n  t he 
text .  

See response to  above AGA comment on qua n t i f i cation of  the  envi ronmental i mpacts 
of a l l  Federal pol i c i e s .  

Bo i l ers for w h i c h  the cost o f  u s i ng coal i s  substanti a l l y  h i g her than the cost 
of u s i ng imported o i l can app l y  for an econom i c  exempti o n .  See the responses to 
USEPA comments about non-atta i nmen t  ( p .  1 2- 9 )  a nd exi s t i ng fac i l i ties  ( p .  1 2-33)  
and to the Cal i forn i a  Energy Commi s s i on comment about page 1 - 1 ( bo i l er s i ze )  
( p .  1 2 -27 ) for responses to the rema i nder of the commen t .  

Nonbo i 1 ers are not expected to have any noticeabl e i mpact o n  t h e  magn i tude o f  the 
proj ect i on as c i ted in Sec t i on 3 . 2 . 4 . 1 . The worst-case envi ronmental ana l ys i s  
wi l l  account for nonboi 1 er coal use as a resu l t o f  FUA . 
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I 

\D 
W 



American Gas Association (conti nued ) 

o I f  any of the above c a tegories are no t exempted from 
the FUA ,  then th8 e n v i ronrnenta 1 impacts outl i ned i n  
the E 1 S  a r e  unde r s t a te d .  

o The E IS d i d  not cons i d er exeJ:1 tJ t ions f o r  combustors 
which may r e s u l t  f rom : 

- tIle s i g n i f i c a n t  de te r iora t ic)!l prov i s ions o f  Clean 
Air Act o f  1 9 7 7 .  

- t ! 12 co s t  d l t .- · ; �·c n t i ci l .; b,': l " , ; ,_' r :  (·O ...l � �l n u  0 .. 1 �_; . 

Cnapter 4 - Envi ronmental Impac t s  

o The FUA/E I S  s h o u l d  t ry to qua n t i  f y :  

- t h e  r e s t r i c tions on impleme n t a t ion o f  t h e  FUA w h i c h  
res ul t from t h e  non-a ttainme n t  p ro v i s ions o f  the 
C l e a n  Air Ac t .  

- restr i c tions o n  FUA impleme n ta tion r e l a te d  to PSD 
incrcrnen ts . 

- incremental e nv i ronmental residua l s  produced by 
i n c re ased coal bur n i n g vs . gas vs . o i l . 

o Wa ter Qua l i ty 

- The po tential cons traints pl aced on FUll impleme n t a tion 
by the C l ean  Water Act s ho u l d  be more f u l l y  d i sc u s sed . 

o Water Requirements 

- The FUA- EIS should examine l e ga l and envi ronme n ta l  
constra i n ts t o  increased c o a l  u s e  i n  reg ions 5 ,  6 ,  
and 8 ( a ccoun ting for over 2/ 3 o f  the coal use i n
crease pro j ec ted from the FUA) I1 hich a re water 
con s tr a i ned . 

o Sol i d  Waste 

The i n f l a tionary impa c t  of RCRA on coal use 
should be quanti f i e d .  

o Land Use 

S t r i p-mi n i n g  and coal l e a s i n g  i s sues are not 
adequately covered . 

See response to a bove AGA comment :  

The E I S  consi ders envi ronmental a n d  cost exemptions .  The s i gn i f i cant deteri ora
tion exemptions a re i nc l uded in the former a nd the cost d i fferen ti a l s  a re 
i nc l uded i n  the l atter . 

Restrictions  of non-attai nment and PSD reg u l a t i ons on the program have been 
rev i sed i n  Sec tion 5 . 2 . 4 .  Pred i c ted energy uses for 1 985 and 1 990 i nc l uded 
coa l , o i l ,  ga s ,  and other fuel s .  Emi ssi ons tha t  wou l d  have been produced by 
u s i n g  gas or o i l  i nstead of subst i tuti ng coal or a n  a l ternate fuel were not 
subtracted. Emi ss i ons from a l l  fuel types were used to pred i c t  the base-case 
envi ronment in Sec tion  4. 

Compl iance restra i nts a re s i te- spec i f i c  and a re therefore not d i scussed . 

Any fac i l i ty whi c h  i s  regu l a ted by the FUA (and those which  a re not ) must  comp l y  
ful ly  wi th t h e  C l ean Wa ter Ac t .  Compl iance restra i nts a re s i te- spec i f i c  a n d  a re 
therefore not trea ted i n  deta i l .  The k i nd s  of restra i nts wh ich  wi l l  l i ke l y  occ u r  
i nc l ude t h e  need f o r  i nd i v i dual fac i l i ties  t o  obta i n  NPDES permi ts for effl uents , 
s pec i a l  measures taken to prevent contami nation  of dri n k i ng water suppl i es ,  etc . 
The i na b i l i ty o f  a fac i l i ty to meet the prov i s i ons of the C l ea n  Water Act as a 
coa l -burn i ng i ns ta l l a t i o n  may qua l i fy that fac i l i ty for an exemp t i on on envi ron
menta l ground s .  

See response t o  comment b y  Ba l timore Gas a n d  El ectric Company , p .  1 2- 1 03 .  

Stri p ml n l n }  i mpacts o n  l a nd use have been d i scus sed i n  Sec t ion  5 . 5 . 1 .  The com
p l ex i s sue of coal l ea s i ng on federal l ands i s  addres sed i n  the Dra ft En v i ron
mental  Statpment,  Federal Coal Management Program, i ssued by the Bureau of Land 
Managemen . i n  December,  1 978. It is not pos s i b l e  a t  th i s  t i me to assess what 
impact coal l ea s i ng pol i cy wi l l  have on the FUA , s i nce the pol i cy has not yet 
been f i na l i zed .  
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Amer ican Gas Assoc i at i on ( conti nued ) 

o The hea l th impacts subsection is too brief and should 
d e scribe both occupational and non-occupat ional deaths 
and impairments that can be expected from

'
imp lementation 

of the FUA. 

Chapter 1 0  - A l ternative Energy Technologies 

o The fol lowing a l ternatives to the proposed FUA program 
were not mentioned : 

increased gas use , promotion of domestic gas 
resources ( i nc l uding Alaskan gas ) 

L��G . 

Mexican and Canadian gas imports 

o The fol lowing alternatives within the proposed FUA program 
were not mentioned : 

high-Btu coa l gas, o f  re latively sma l l  number o f  
plants could achieve FUA goa l s  more economically 
( no industrial end-user retro f i tting or coal trans

portation investments ) and environmenta l ly cleaner 
according to DOE ' s  own analysis . 

o Does not adequately examine lis ted a l ternative s .  

no act ion a l ternative 

1 .  EIS fails to recognize the environmental 
and economic advantages of this a l ternat ive 
over the FUA ( i . e . , coal i s , and w i l l  be,  
more expensive and environme n t a l ly impact
ing than either gas or o i l ) . 

2 .  Timing of fos s i l  fuel ( e spec i a l ly gas ) 
shor tfa l l s  incorrect . Does not recog n i ze 
new gas production (gas bubble ) result ing 
from passage of NGPA) . 

the energy conserva tion alternative described is 
not an alternative , this option complements the FUA . 

Petroleum from DCS is not an alternative -- pre
sently proceeding at rapid pace . 

See response to comment by Cal i fornia Energy Commi s s i o n ,  p .  1 2 -30 . 

The three i tems menti oned i n  the comment a re not v i a bl e al terna ti ves ; see response 
to U SEPA ,  p. 1 2- 1 5 .  

See response to comment by American Gas Assoc i a tion , p .  1 2 -92 . 

The "no-ac tion" a l ternati ve i s  treated i n  substanti a l l y  greater deta i l  in the 
ESECA F ina l  E I S  ( Vol ume I ,  pp .  V I I I- 1 2  and - 1 3 ;  p p .  V I I I-27  through -47 ) and has 
been i nco rporated by reference. See response to comment by U . S .  EPA, p. 1 2- 1 5 .  

See response t o  commen t of U . S .  Department o f  Hea l th ,  Educa t i on , and �e1 fa re , 
p .  1 2- 6 .  

The di scussion of petrol eum from the outer con t i nental shel f ( OC S )  i n  Sec -
t i on 1 0 . 1 . 5  i s  di rected towards an exami nat ion of th i s  petrol eum source as an 
a l terna ti ve to the FUA rather than a n  a l terna tive w i t h i n  the program . ( See a l so 
the di scussion of t h i s  subject i n  the ESECA F ina l  E I S ,  p .  V I I I -1 6 . ) 
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American Gas Assoc i at ion ( conti nued ) 

o the po l i cy options d i s cussed in the exemption process 
should : 

consider exempting indus t r i a l  gas s a l e s ,  when those 
sales d i s p l ac e  imported o i l .  

examine the i n f l a tionary impacts o f  setting the 
coal use penalty exemption very h igh . 

-

underscore the true economic cost of u s i n g  coal 
( i . e . , increased c a p i t a l  and ope rat ing cost 

versus gas and o i l ) . 

Chapter 1 1  - Envi ronmen tal  Trade - O f f s  o f  Proposed Act ions 

o Examines environmental impacts o f  FUA in isolat ion 
o f  other Federal programs and regula � i o n s  to promote 
coal use .  Should take a broader look a t  environme n t a l  
impa c t s  o f  coal use in  u . S .  

Exemptions  for natural gas  wi l l  be cons i dered o n  a resource use ba s i s  rather than 
on a sal es bas i s .  Such consi dera t i ons wi l l  i nvol ve fuel mi xes , natural gas 
sources , and the cost of i ncreased coal use.  

See response to Ca l i forn i a  Energy Commi ss ion  ( p .  1 2-33 ) .  

The cost test on a n  i n d i v i dual ba s i s  wi l l  cons i der these factors .  I f  the  costs 
of u s i ng coa l  "substanti a l l y exceeds"  the cost of u s i ng imported o i l an  economic  
exemption may be appl ied  for . 

This  conment was prev iously addres sed under the para l l e l comment that the pro
gramma t i c  FUA addres sed coal use in i so l a t i on ( p .  1 2-89 ) . 
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DOE bel i eves there wi l l  be neg l i g i b l e  env i ronmental i mpacts at the nat i ona l and 
regi onal l evel s .  There may be some greater l ocal  impacts . 
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Office of Public Hearing �\anagenent 
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2000 M Street, N.W. 
W3shingtoo, D.C. 20461 

7819338 

Re: Draft Progranmatic fnvircrlJrental Inpact Staterrent 
FUEL USE l\Cr 

. 

Gentlenen: 

Atlantic Richfield CcJtpany is pleased to ccmrent en the 
Draft Progranmatic Dlv:iralmental Inpact Stat:erent (EIS) 
for the Fuel Use l\ct. OI1erall, we are inpressed with 
the scq:>e ani depth of analysis caltained in the EIS, 

�� �". 
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Atl antic Richfield Company (conti nued ) 

am we OCIlrnr in the approach of analyzing "worse case" 
scenarios. "1here are, however, several points IoIhich are 
not entirely clear to us and IoIhich =uld cause OCIlfusian 
on the part of sate readers . J\ccontingly, we reccmnend 
review am revision to insure maxinun clarity in the final 
EIS on the following matters : 

Sec. 1. 2, Par. 1 : We note that the prEdicted in1;>acts of 
alternate fuel are not given due to uncertainty of this 
usage. 'lhis awears to be an acceptable approach since 
detezmination of quantities of alternate fuels which will be used is cbvioosly inpractical in light of the insufficiency 
of data m supply, cost, technology for use , and other 
factors. IIcW!wr, sane indication of the relative inpact 
of these fuels vis-a-vis ooal m a Wli. t basis would assist 
the rea3er evaluating their significance. 

Table 1 . 1 :  "1he data given in Table 1 . 1  was calculated 
assuning the existenoe of a cru:ie oil equalization tax. 
If this tax, IoIhich failed enactment, makes a difference 
in the calculation it shcul.d be oarrected. It the tax makes 
no difference in the �sult, the reference to the tax shoold 
be anitted to eliminate the uncertainty occasioned by its 
pr:esence. 

sec. 1 . 33 :  We see trace OCIltaminants IIB1tioned under water 
rut not under air quail ty. Are these OCIltaminants iDpartant 
in either case? Qnissim fran mly me discussim is 
OCIlfusing in that the reader does not knaoi what significance 
to attach to it. 

Sec. 1. 3.4 DEntims Re8c:JuI:Qe Ccnse:I:vatim and RecoIIery 
Act 01. 1976 but does not address the IIIlIgnitude of costs 
to be incurred uncIer ita provisims and the related regu.la_ 
t.icrw . "1he cost of land reclamatim may be significant 
8>OUI#l to warrant specific IIB1tim in the £IS. 

Sec. 1.4 indicates that the program can farce OOI'I'IIerSim 
to exal without the <XlnIIIner paying far increased general fuel prices that WDUl.d occur as a · msuJ.t of imnediate price 
incr:eases through taxes and natural gas deregulation. lltile 
it � that the � cost 01. faroed OOI'I'IIerSim is less 
than the cost 01. a � inc:reue in oil and gas prices, 

The text has been c l a r i f i ed i n  response to th i s  comment ( p .  1 -4 ) .  

The Crude Oi l Equa l i za t i on Tax i s  sti l l  publ i c  pol i cy and may eventua l l y  become 
l aw al though i t  was not passed as part of the Na t i ona l Energy Ac t .  Its i nc l u
s i on i n  the E I S  was to equal i ze domestic and imported prices i n  the model i ng 
e fforts ; however, the economic test i s  based on the price of imported petroleum 
and there is no impact on that price from the COET not be i ng pa ssed . 

The present state-of-the-art prec l udes pred i c t i on of trace metal contami na t i on 
from a i rborne part icul ates . The probl em i s  s i te-spec i fi c ;  i ts importance depends 
upon coal type, operating characteri s t i c s  of the fac i l i ty ,  atmospheric cond i t i ons , 
vegeta t i ve cover, soi l type, and natural background concentra t i on s  as wel l  a s  
many other factors . 

See response to comment by Ba l t imore Gas and E l ectric Compa ny, p .  1 2-94. 

The question of whether " i t  is i n  the l ong-term nati onal i nterest to shel ter the 
consumer from the true cost of energy consumed" is a matter of nati onal debate. 
A strictly economic v i ew of l ong term (when al l costs are var i a bl e )  would proba
bly be in agreement w i th the Atl ant i c  R i c hf i e l d  Company v i ew. Many econom i sts 
are concerned , however , about the near-term i n f l a t i onary impacts of we l l head o i l  
and natural gas deregu l a t i o n .  Congress enacted the Fuel Use Act a s  part o f  the 
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Atl antic Richfi el d Company (conti nued) 

we do not believe that it is in the l.mg tmm natialal 
interest to sbelter the 0CZIIIUIeX" fran the true cost of 
enerqy 0ClIlSIDI!d. OcntimEd restraint of fuel prices at 
artificially low levels encourages waste of scarce supplies, 
disoouxages deI/elqm!!nt of new SUR>lies, and tends tD enlarge the severe balance of payments deficit at the expense 
of the entire EICCIIICII¥. We believe t:hi!se larger Cla1Sideratials 
are mxe significant than the short tmm cost shelter addressed 
in the EIS and that they should be ackncwl.ed<:Jed. 
We hcpe these ocmaents and suggestials will assist in the 
OCIIPletia\ of this EIS. If we can provide further inplt, 
pl.eue let us Jcnaw. 
Very truly yours, 
1'm.4,� 

N. 14. SlId.r1ock 

Bal timore Gas and El ectric Company 

BALTI MORE GAS A N D  ELECTRIC COM PANY 

D. �IE •• IE G.CAMIEIIIION • .Ja. 
� """" Cou ••• " 

aot-.a.-.... 

� 0 . • 01( 147_ 
8ALTINO"II:, MA"YLAN D  alao» 

if 1.Jr 7'1 ,, :s'l 
Febnary 9, 197t 

Office of f'ljtBc .... u. Manepment 
DepIirtment of �. Boll WA 
a_ up 2000 M Street, N.W. 
Wuhinp!R, 0. C. �I 

781931. 8 

Ret Draft PrCJlrlllMllltic l!nYir-W JmpKt Statement 
Fuel UIe Act 
DOEIEI�lI-D 

Cende_ 

Pursuant til the notices appNI'u. In the Pederal R.ter for Monday, November I)' 1971 (U Fa '2'1)..16' and for TUMday, � 9, 1979 (" FR 200'-'" 8ah1_ Gas 
and Electric Company (Company) IUbmIU ... commenU on the above-referencecl Draft 
Prosrammatlc En¥w-tal llnpKt S .. � (Dms). 

overa l l  Na t i onal Energy Act i n  whi c h  the opportun i ty to tota l l y  dereg u l a te 
natural gas and o i l  on any t imetab l e  was rej ected . Discuss ion of the " l arger 
considerations" at thi s po i nt wou l d  i nvol ve a complete rev i ew of the debate on 
the Nati onal Energy Act, and i s  therefore beyond the scope of the E I S .  
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Bal t imore Ga s and ,El ectr ic Company (continued ). 

Tht:" Company, a pub;ic l..tility engaged, ir.t-ei aHa, in the generation, transmission 
and distribution 'Of electricity in the City of Baltimor;;-i7-.d adjacent ('ounties in Central Mary
land, has presently under construLtion two (2) oil-fired steam electric generating units at its 
Brandon Shores site off Fort Smallwood Road in Anne Arundel County, Maryland. Since the 
continued construction and ultimate commercial �peration of those units will be impacted by 
the Powerplant and Industrial Fuel Use Act of 1978 (Fuel Use Act), the form and centent of 
both the DEIS and the subsequent Fir.al Environmental Impact Statement prepared by the 
Department of Energy (DOE) assessing the environmental Impacts of the Fuel Use Act and any 
final implementing re!lulations issued by DOE pursuant to the Fuel Use Act are of vital 
i mportance to the Company. 

The Company's comments on the DEIS will focus upon two issues. The first con
cerns the analysis in the DEIS of the environmental impact of the collection and disposal of 
coal combustion wastes. The second concerns the analysis in the DEIS of the uncertainties associated with the Clean Air Act Amendments of 1977. 
Combustion Waste Collection and Disposal 

Inherent in the combustion of coal as a primary energy source is the creation and 
accumulation of large quantities of ash, both bottom ash and fly ash. When the pollution 
abatement process to remove the fly ash consists of the use of flue gas deslilphurization equip
ment, an add'�ional waste, colloquially called "scrubber sludge", is produced and its disposal is 
required. The DEIS in a number of different sections attempts to discuss and analyze the 
environmental impact of the collection and disposal of these wastes. However, due largely to 
developments beyond the control of DOE, a meaningful and realistic analysis of this impact does not appear now in the DEIS. 

Since the initiation of the DEIS some months ago, various implementation activities 
under the Re.ource Conservation and Recovery Act of 1976 (RCRA), particularly with respect 
to hazard<lUs substances, have occurred. RCRA requires the Environmental Protection Agency 
(EPA) \0 adopt guidelines and regulations r"lating to solid waste management, including 
hazardous substances management. While the references in Section 2.4.3.5 of the DEIS to 
EPA's Guidelines for Land Disposal of Solid Wastes (40 CFR 241) and its proposed Guidelines 
for State Hazardous Substances Programs (43 FR 4 366), EPA has been required to adopt more 
specific regulations delineating the minimum requirements for the disposal of a variety of 
wastes, including fly ash, bottom ash and scrubber sludge. 

In its proposed rulemaking, Hazardous Waste Guidelines and RegL, .. tion., noticed in 
the Federal Register for December 1&, 1978 (43 FR 58946), EPA identified, at 4 3  F R  58981-82, 
these three utility wastes, among others, as special wastes and deferred further rule making on 
special wastes until additional information has been developed. In addition, as a result of an 
order, issued January J, 1979, by the U. S. District of Columbia in Illinois, et al v. Costle, Nos. 
78-1689, 78-1715, 78-1734 and 78-1899, EPA has been given until December 31, 1979 to 
promulgate final regulations on the entire subject of waste management, including special 
wastes. Thus, until these final regulations are issued, DOE cannot properly evaluate the 
impact of the fo!lowing critical factors. 

I. The allowed method or methods of disposal. 

2. The costs of such disposal method or 'nethods. 

3. T�e feasibility of such disposal method or methods, particularly in 
view of the potentially large volume of scrubber sludge generated by 
large size coal-fired plants. 

4. On-site land requirements for temporary storage of such wastes. 

5. Availability of land for off-site disposal, particularly on a local or 
regional level. 

See Sec t i o n  5 . 5 . 5  for an expanded d i scuss ion of proposed g u i del i nes and regu l a
tions under RCRA . 

The F i na l Envi ronmenta l Impact Sta tement i s  based on the l a test ava i l a b l e  i n forma
tion . Any peti t ions  for exemptions wi l l  be con s i dered i n  l i ght  of the present 
reg u l a tory c l imate a t  the t ime of exemption  appl i ca t i o n .  
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Bal timore Gas and E l ectr i c  Company (conti nued) 

6. Transportation requirements for off-site disposal. 

Availability of suitable transportation equipment. 

Unless and until E!-A is",". �:nal regulations with respect to these wastes, it is 
really difficult to assess whether DOE's an;;!�s;; :;� .Ile envir�_

nment�l im�ct of the wast
.es 

generated by a coal-fired plant meets the required stand",u.. While It IS not necessarily 
productive to suggest a long delay before issuance of a Final Environmental .. np.-:::-t Statement, 
that is preCisely what must be done here. Once the full cost impact of the handling ... "� 
disposal of wastes generated by a coal-fired plant can be adequately gauged, then and only 
then will it be possible for the upcoming Final Environmental Impact Statement to affirm the 
statement made in table I.' on page 1-12 of the DEIS that the negative impact of increased 
solid waste and scrubber sludge will only be discernible. It is not too far beyond the realm of 
reason to suggest that that negative impact could well be significant. If so, then perhaps the 
entire coal conversion program may require a certain re-analysis. 

One additional matter must be addressed in this letter of comments before passing 
to the uncertainties arising under the Clean Air Act Amendments of 1977. Table '.22 on page 
'-4' of the DEIS establishes the maximum land requirements for waste disposal of fly ash and 
scru.:"" .... r sludge at approxi��tC:�1 j:.,.uu acres in IIJ�5 ami �;G: .;.c:"� !� !��. �!:-;:: t.-IC 
calcui�tions '�resehi only those acres required in the particular reference years, the 
requirements 'fur tn" :'�-vear period 1980-2020 are �onsiderablY greater. Applying the sa�e 
assumptions as applied to the ,::�.","al 40-yea� requirement of 108,000 acres, 3,720 acres 1M 
Region III alone will be required. A moSt ;:.:rtlIMg understatement occurs when by footnote (4) 
to the table, it is learned that a ten-foot depth hOb :-.. en assumed. If th«; table were ;""t forth 
in terms of acre feet, as is more commonly done in this ty;:: of calc�hltlon, the reqUired land 
increases ten-fold. The national requirement then becomes over .. ,"'Ilhon a�res or 1700 s�ua�e 
miles, roughly the size of the State of Delaware. For Region III, the , :�lSe� cal�ulatlon IS 
more than 37,000 acres, a riot insignificant total in and of itself. This peril':;' IS . �nother 
instance in which a discernible negative impact may actually be something more a>o.:.� to a 
significant negative impact. 

The Clean Air Act Amendments of 1977 

Another significant uncertainty, which the Company submits cannot have been fully 
assessed in the DEIS, is that produced by EPA's ongoing revisions of the New Source 
Performance Standards mandated by the Clean Air Act Amendments. In Section '.2.4 of the 
DEIS, DOE assumes that emissions of SO" NO and particulates would meet the New Source 
Performance Standards and that any new sfandards resulting from the Clean Air Act 
Amendments would be at least as restrictive. These standards then provide the basis for ERA's 
"worst-case analysis". 

The Company suggests that the aforegoing conclusion is not necessarily so. A more 
restrictive SO standard will obviously necessitate an increased level of removal and result in 
an increase in 'he quantities of wastes requiring disposal. More restrictive standards requiring 
increased removal efficiencies will escalate the cost 01 emissions control equipment. One of 
the principal means to achieve increased removal levels is the broader use of energy 
consumptive flue gas desulphurization equipment. Since scrubbers consume energy at a rate of 
'-10% of the installed capacity of an electric generating unit, an increased use of coal as an 
energy source will be required. If ten ((0) 1,000 Mil' coal-fired plants are required to meet the 
demand for electric service and each plant requires up to 10% of its capacity for operation of 
its scrubber, the equivalent of eleven ((Il rather than ten ((0) plants will be required. Coal 
demand and consumption will increase by '-10% and result in a '-10% increase in overall en
vironmental impact, 

At the t ime of th is  wri t i ng ,  the i ncreased cost of coal due to the Resource 
Conservat i on a nd Recovery Act ( RCRA) is not wel l known . The cost primari l y  
depends on whether EPA consi ders coal a s h  a n d  scrubber s l udge as hazardous and , 
i f  so ,  the control measures necessary to make i t  nonhazardous,  and pos s i bl e  
add i ti onal d i sposal costs neces s i tated by a new regu latory v i ew o f  these k i nds of 
wastes . T;,;: �I��PA i s  responsi bl e  for conduc t i ng a regu latory analys i s  of the 
i nflati onary impact of t�� ����. 

Rev i sed estimates of l and required for coa l combustion waste are g i ven i n  
Tab l e  5 . 2 2 ;  a maximum o f  1 70 ,000 acres i s  estimated to be needed . I t  i s  reason
abl e to a s sume , on a nationa l  l evel , that d i sposal depths of 10 feet wi l l  be 
u��� . Kec ' a��;�� �f l !��f; l l  area s to product i ve uses such as rangeland i s  
fea s i b l e  and wi l l  reduce the impact i n  the l ong term. 

The analysi s was perform� for a statutory deadl i ne so tha t the EIS cou l d  serve 
as a dec i s i on-mak i ng document.  The  best a va i l abl e  knowledge at the  time of  
preparat i on was  used . The a ssumptl�n of  90% su l fur and  99� particu l a te remova l  
and resul tant waste production were mol� a l igned with  antici pated rev i s i ons of 
the C l ean A i r  Act .  Therefore , wastes generat;� due to FUA a re not underestimated . 

The exampl e g i ven by Bal timore Gas and Electric i s  not appropr ;�!e s i nce uti l 
i t i e s  are antici pated to b e  m i n i ma l l y  affected by the FUA. 
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Bal timore Ga s and E l ectric  Company (conti nued ) 

Thu�;, the uncertainty of the anticipated revisions to the New Source Performance 
Standards is but one of the potential impacts of the Clean Air Act Amendments. Other 
unquantified impacts include the myriad of unresolved issues in connection with EPA's policy 
of prevention of significant deterioration, emissions offsets and the evaluation of the need for 
a short-term NO ambient standard. The final solutions to these issues are not yet at hand. 
The very nature �f EPA's ongoing activities in i mplementing the Clean Air Act Amendments 
suggests a delay in the issuance of the Final Environmental Impact Statement for negative 
impacts now deemed discernible or minimal in the DEIS may have to be revised upward to 
significant or discernible respectively. The impact on this Company will, in any event, be 
significant and cannot be dismissed summarily, althougth the DEIS does not purport to be 
anything other than programmatic. 

Conclusion 

In summation, therefore, the Company contends that until these very real issues 
are resolved by Governmental agencies other than DOE, no complete and accurate assessment 
of the environmental impact of the Fuel Use Act can be finished. The DEIS must not, m .. '�' 
because of an obvious desire on the part of DOE to accelerate its final form, fail t: consid�� 
what impact on the utility industry will result from EPA's final regulations. -' 0 do otherwise will amount to an abdication of the mandate of the National Env;':"mental Policy Act so clearly applicable to the sItuatIOn produced by the Fuel �se Ar.:. DOE has the ready means to avo�d any further contentIons of that nature. It .can ,:ar.y must delay presentation of a Final Environmental Impact Statement based on a Q"":: .. onably sufficient DEIS. 

Respectfully submitted, 

D. � 5- �,� , 
v 

DPGC:nmo 

DO':, � ; sagrees w i th the sunmari zation . based upon the responses given to the 
above ��tl_ � ��� �'::'lTIIlPntc:. 

N , 
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Cit i zens ' Action for Safe Energy, Inc . 

781902 e 
ECONOMIC REGULATORY ADI1INI STRATION 

ENVI �ONf.1ENTAL IMPACT STATEI1ENT : Implementation of the 
Powe rplant and Industrial Fuel Use Act of 1 9 7 8  (FUA) 

James Walter H i ck e r son 
Admi n i s t r ative As s i s tant for 

C i t i zens ' Action for S a fe 
Ene rgy , I n c . ( CASE )  

C i t i zens ' Action for S a fe Energy , I nc . ,  (CAS E )  

vigoro u s l y  d i s agrees that t h e  FUA - 1 9 7 8  wi l l  protect the 

pub l i c  health , s a fety and we l fare by expanding the use o f  coal 

and nucl e a r  energy a s  a l ternat ives to natu r a l  gas . 

We contend that fed e r a l  price and use contr o l s  have 

created an arti f i c i a l  economic envi ronment that has prevented 

the full development o f  e x i s t i ng clean energy source s ,  p a r t i c u l a r l y  

n a t u r a l  gas a n d  solar energy , a n d  that further regulations s u c h  

as FUA a n d  Na t u ral G a s  Policy Act o f  1978 ( N G P A )  w i l l  con tinue 

to exac€�rbate envi ronme n t a l  probl ems . 

It has been recogn i z e d  by many leading autho r i t i e s  

t h a t  we a s  a n a t i on mus t  n o t  continue t o  a l l ow t h e  unlimited 

growth of our demand for energy . It is further understood 

that such a n u n l i m i ted g r owth of demand for , and use of , energy 

w i l l  have detr ime n t a l  e f fects on the con tinental ( and g loba l )  

economic and ecologi c a l  environments . 

CASE contends that pas t , present , and proposed future 

regul ations con trol only the production ( s upp l y )  and cost of 

energy , and actua l ly encourage the increase of demand . Th i s  

sort o f  act ion , com i n g  at a t i m e  when w e  recog n i z e  the need 

for increased s upply and decreased demand , is a bureaucra t i c  

and ecolog i c a l  i n s a n i ty ! 

N , 
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Ci tizens ' Action for Safe Energy. I nc .  (conti nued) 

As CASE understands the s i tuation , this law has been 

created due to th
'
e be l i e f  that exis ting natural gas reserves 

only amounted to " 2 0 8  TCF i n  1 9 7 7 "  and are being depleted at 

a rate (demand) o f  1 9  TCF a year which results in barely a 

10 year supp ly .  We contend that these figures are a gross 

error . An error that has been created by the aforementioned 

arti ficial economic envi ronment . In this case , 25 years o f  

federal price regulations O n  natur al g a s  produc tion . 

I t  was stated by Mr . Robert A. He fner , currently a 

managing partner o f  the GHK Companie s , at the Aspen I n s t i tute 

Workshop on "R � D Priorities and the Gas Energy Option" on June 

2 5 th through the 2 9 th , 1 9 7 8 , tha t :  

" I  am very optimi stic about the future o f  conven tional 
U. S. natural gas suppl ies . I predict that by the year 
2 0 0 0 , barring further government interference , the U .  S .  
will produce 3 5  TCF of conventional natural gas per year • . •  " 

• * * 

"Predicting gas production of 35 TCF by year 2 0 0 0  
requires a b e l i e f  i n  a much larger natural gas resource 
base than is genera l ly es tima ted . Most ' authoritative ' 
and genera l ly accepted pro j ections forecast natural 
gas providing only 10 to 15 TCF by the year 2 0 0 0 . "  

He goes o n  to explain later in the same paper tha t "we 

f i nd that most ' authoritative ' projections of natural gas 

reserves have been made by ' experts ' not actually in the 

busi ness of explor i ng for onshore natural gas • . •  " 

and " natural gas i s  the fuel of the future � "  

I t  was further stated i n  Newsweek , October 3 0 ,  1 9 7 8 ,  

that " i f  gas were priced a t  $ 4 . 0 0 per 1 , 0 0 0  c f ,  producers would 

be able to recover about 7 0 0  TCF from conventional sources . 

Experts at the Gas Re search I n s ti t ute in Chicago estimate 

that given economies o f  scale , producers can extract at least 

350 TCF from unconven tional sources at even lower prices . "  

N , 
� 
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C i ti zens ' Act i on for Safe Energy , I nc .  (conti nued ) 

Wi th these e s t ima tes of r e a l  reserves of o n s hore natural 

gas it appears that the NGPA and FUA of 1 9 7 8  are o f  p u r e l y  economic 

moti vation , and we the members of CASE contend that this p l a c i n g  

o f  economic priorities o v e r  hea l th ,  s a fety , and ecolog i c a l  p r i o r i t i e s  

i s  a moral mistake of g r e a t  magn i tude , a n d  t o  continue encouraging 

increased use of the two most d angerous fue l s , coal and nuclear 

energy , known to man w i l l  only compound t h i s  moral m i s take and 

greatly increase negative environme n t a l  conseque n c e s . 

CASE recommends that a moratorium be immed i a t e l y  p l aced 

on further construction o f  nuclear f a c i l i t i e s ,  that the �roh ibition 

o f  construction o f  new gas f i red ut i l i ti e s  and the conve rsion 

o f  e x i s t i ng g a s  f i red u t i l i ti e s  in g a s  producing areas be 

re-examined , and greater i ncentives be imme d i a t e l y  provided for 

the developme n t  of new natural gas and solar energ y .  

Respe c t f u l l y  submit ted , 

James Walter H i ckerson 
Admi n i suative A s s i stant o f  CASE 

Commonweal th Ed i son • Commonw •• Hh Edl.,n 
72 West Adams Sireet, Ct'licapo, Illinois 
Address Reply to: Post Office Bo)( 767 
Chicago, Illinois 60690 

FebnUlry 9. 1979 

O��ice o� Public Hearing Management 
Box WAf Department o� Energy 
Room 231 3 
2000 M Street. N . W. 
Washington. D. C. 20461 

78i.935 � 

Re : Dra�t Programmatic Environmental Impact Statement -
Fuel Use Act (OOE/EIS oo38-D) 

M r . w a l t e r  H i c k e r son 
Adm l n i s t r � t i v e  AE s i s t a nt 

MAR 9 l979 

C i t i z e n s ' Ac t io n  for S a fe E ne r g y , I n c . 
P .  O .  Box 9 2 4  
C l a r emo r e , O k l ahoma 7 4 0 1 7  

C p a r  M r .  H I c k e r son : 

Th a n k  you f o r  t h e  copy of yo u r  t e s t i m o n y  g i ve n in Fo r t  I" o r t o 

at t h e  h e a r i n g s  on t h e  P r o g r amm a t i c E n v i r o nm e n t a l  I � F a c t  

Statement ( E I S )  f o r  the F u e l  Use A c t  ( FUA ) .  W e  r e g r e t  t r €  

s h o r t  n o t I c e  o f  t h a t  h e a r i ng r e ce i v e d  by t h e  C i t i z p r s '  � c t i o n  

f o r  S a fe E ne r g y ,  I n c . T h e  Depa r tm e n t  o f  Ene r g y  pub l i s r e 0  

n o t i ce s  o f  the h e a r i n g s  i n  t h e  F e d e r a l  Reo i s t e r ,  c a l l e0 � a n y 

pa r t i e s  wh I C h  h a d  e x pr e sse d  an TntereSt in t r e  h e a r i no s , a n d  

sent h u nd r ed s  o f  l e t t e r s  to po t e n t i a l  sp e � k e r s . 

Due to t h e  r i g o r o u s  t ime s c h e d u l e  n ec e s s a r y  to i mp l e � e n t  
the FUA p r o g r am , a d d i t i o n a l  E I S  he a r i n g s  a r e  not e nv i s io n e r  
and , t h e r e fo r e , any d i sc u s s i o n  � b o u t  t h e i r  f o r m a t  wou J �  b e  
p r e m a t u r e .  Howev e r , t h e  O f f i ce o f  F u e l s Conv e r s i op i n t e n c e  
to con d u c t  a l l  i t s  f u t u r e  p r o g r am h e a r i ng s  ope n l y a n 0  w i t h  
m a x i m um pu b l i c p a r t i c i p a t i o n .  

S i nc e r e l y ,  

1 " " • t i' ,  
Ba r to n  R .  H o u s e  
A s s i s t a n t  Adm i n i s t r a t o r  
F u e l s Rec u l a t i o n  
Fconom i c

'
Reg u l a to r y  Ac� i n i s t r a t i o n  

N I 
C) ....., 



Commonweal th Edi son ( conti nued ) 

Gentlellen: 

Tbe follow1nl are Co...anwealth Edison Coapany ' s  
(Co_onwealth) co_ents on subject draft impact statellent. Co_on
wealth has an interest in the proceedings due to its operation of 
several oil fired generating units and substantial co_itaent to 
units using alternate fuels ( coal and nuclear ) .  

,_. . Subject impact statellent presumes that conflicts between I'; ktJ 79 Lit ' and the fourteen federal poliCies and laws that are listed in 
Chapter 8, can be resolved . No mention is made as to how long it 
would take an individual site or plant to receive all final 
approvals so that conversion or new construction could co_ence. 
Also the economic and social impacts associated with the flow through 
of the huge costs to the consumers of electric power, manufactured 
goods and co_ere ial services are not mentioned. We feel that 
these costs will divert capital needed to improve productivity and 
at the same time add to the current crisis of inflation. Thus the 
most significant impact on this country and its citizenry has been 
ignored . 

This draft statement is broad and glosses over site 
specific difficulties in implementation. It would be well to have 
illustrative examples of site specific problems and resolutions as 
without survival of individual trees you will not have a forest. 

The authors have presumed that ESECA has already been 
fully implemented (which it has not been) and , therefore ,  this act 
will have minimal additional illpact. The full implementation of 
the FUA may be used to enforce ESECA and thus the economic and 
environmental impacts lIay be far greater than contained in this 
draft statement. 

To the extent that FUA i n teracts wi th the implementation of the fourteen ci ted 
s tatute s ,  such i nteraction has been i nc l uded in the model i ng and analysi s .  The 
comment regardi ng the flow through of costs of i ncreased coal use to consumers of 
el ectric power was prev iously addressed by a response to a simi l ar comment by 
Pub l i c  Service E l ectric and Gas of New Jersey . In addi tion , a regulatory analy
s i s  of the program has been performed (Energy Information Admi n i s tration,  1 978, 
Analys i s  of Proposed U . S .  Department of Energy Regulations Implementing the 
Powerplant and I ndustrial Fuel Use Act,  DOE/EIA-0102/21 , U . S .  Department of 
Energy, Washington, D . C . ) .  

The generic nature of a programma tic E I S  obviates the abi l i ty to examine s i te
specific  probl em s .  These wi l l  be addressed on a s i te-specific  bas i s  for those 
seeking exempti ons and by the proper regul a tory agenc ies during the permitting 
process .  

DOE has assumed i n  preparation o f  thi s E I S  that the majori ty o f  ex i st i ng uti l i ty 
powerpl ants have been affected by the impl ementation of the ESECA program. No 
S i gni ficant rationa l e  has been identi fied to DOE which causes a revis ion of this  
methodol ogy . The FUA l eg i s l ation is  a successor to the ESECA i n  most cases . 
Uti l i ti es with outstandi ng ESECA prohibi ti on orders on the effective day of the 
Act wi l l  continue to be processed under ESECA. The FUA i s  not designed nor being 
implemented to enforce ESECA. 
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Commonweal th Edi son (conti nued ) 

The authors forecast that, • • • • • •  about 77 percent of the 
facilities using coal or an alternate fuel will be new boilers 
• • • • • •  in 1990. With the current ten year minimum requirement to 
amass data , prepare and submit PSD and environmental reports, public 
hearings, obtain construction permits , and finance and construct 
coal fired stations , the majority of the 1990 units would have to 
be in process at this time . This is very doubtfUl since the New 
Source Performance Standards and the vast majority of the new State 
Implementation Plans mandated by the Clean Air Act Amendments have 
not as yet been promulgated. Thus since the rules have not been 
determined, how can one play the game . The very slow pace of new 
plant commitments attest to the present chaotic energy regulation 
situation . 

This draft statement is based on the assumption that 
there will not be an economic exemption unless coal is 44� more 
costly than use of imported oil. The rationale for selecting 44� 
is not clear. It is also not clear what costs are considered in 
making the comparison ( i . e . , scrubbers , baghouses ,  operating and 
maintenance ,  disposal of ash and scrubber sludge, etc . ) .  

The discussions in this draft concerning the waste 
di sp,�sal situation does not reflect the impact of regulations 
(existing and pending ) such as a determination of hazard by the 
Department of Transportation, may seriously limit disposal of 
combustion by-products. 

Ve have not prepared specific comments , at this time, on 
the many presumptions upon which this report is based. However, we 
hope that these general comments will be useful in preparing the 
final programmatic statement . 

Clk :vs 

�ry R:;LfiifOurs, 

C. L. McDonough 
Staff Assistant 

DOE assumed that 77% of the boi l ers usi ng coal i n  1 990 woul d  be i n  new faci l 
i ti es .  Thi s projection was based on a projected continued l evel of consumer demand in order to predict  the worst-case envi ronmental impacts of FUA in 1 990 . Such worst-case impacts may not be consi s tent w i th the actual number of permi t 
appl i cations for new faci l i ti es at this  time . However . such methodol ogy i s  
consistent with Department o f  Energy ' s  responsi bi l i ti es under the Nati onal Env i ronmental Pol i cy Act to ful ly  analyze the impacts of the FUA program. Any del ay i n  the regi stering of impacts woul d  resul t  i n  a dimini shed envi ronmental impact 
withi n the context of the E I S .  

See response t o  Cal i fornia Energy Commi ssion comment page 1 0- 1 3 .  

The text has been revised t o  further di scuss RCRA regulations ( Sec . 5 : 5 . 5 . ) .  N I 
Cl <D 



Detroi t  Ed i son 

Detroit Ed!son ,:)cc S�-::OI'C � . ·:":"e :)<?'·v · M,cn � � 'l  .!8226 
.)131 237·80: ... 

Office of Publ ic Heari ng Management 
Box WA 
Department of Energy 
Room 2313 
2000 M Street N.W.  
Washington, D .C .  20461 

February 8, 1979 

Re: Economic Regul atory Admini strati on Draft 
Programmati c  E nvi ronmental Impact Statement 

Dear Sirs :  

B .  H .  Schneider 
AS$,stan: v ce Pres cerl PlannmQ IIfld Re5-:>arc'" 

The Detroit Edi son Company has revi ewed the Draft Envi ronmental I mpact 

Statement ( DE I S )  publ i shed by ERA in November 1978, wh i ch analyzes the 

lmpacts associated with the impl ementat i on of the Power Pl ant and 

Industrial Fuel Use Act of 1 978 (FUA) . As di scussed more ful l y  bel ow, 

i t  is Detroit Edi son ' s  pos i t i on that the ERA has fai l ed to accurate l y  

assess the potent ial  envi ronmental impacts ari s i ng from the 

impl ementation of the FUA and , as a resul t ,  has not satisfied the 

requi rements of the Nati onal E nvi ronmenta l Pol i cy Act ( NE PA )  in the 

preparation of its Draft Envi ronmental I mpact Statement. 

In  general , ERA has fa i l ed to accurately ana lyze the economic benefits 

that would accrue i n  the form of fuel cost sa vi ngs as a resu l t  of a 

nation-wide fuel convers ion program compared to the costs that such a 

conversi on program wi n impose on industry and the publ i c .  

Detroit Edi son does not take i ssue with t h e  conclusion that t h e  u l t i -

mate comp l et i on of a nat ional fuel convers ion program wi l l  result i n  

l ong term economic benefits for the country , but rather, i s  cri t i cal 

See response to comment by the Cal i fornia Energy Commi ssion,  p. 1 2-33.  
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Detroi t  Edi son ( conti nued ) 

of several assumptions made by ERA to just i fy its  spec i f i c  regul atory 

program. In t h i s  respect , Detroit Edi son quest i ons the adequacy of 

the analysis  with regard to the costs of convert i ng to alternate 

fuel s ;  the abi l i ty of the ut i l i ty i ndustry to fi nance convers ion to 

alternate fuel s ,  i ncl udi ng the cost of pol l ut i on control equi pment ;  

and the abi l i ty of  the  el ectric- rate-payi ng publ i c  to absorb the  costs 

of convers ion.  

More speci fical l y ,  Detro i t  Edi son has noted several areas of the D E I S  

which i t  cons i ders def i c i ent. I n  Section 1 .4 enti t l ed "Envi ronmental 

Trade-Off of the Proposed Act ion" ,  a statement is made that "the cost 

associ ated with fuel subst i tuti on wi l l  be much l ess than the cost to 

soci ety of accept i ng a general i ncrease i n  oi l and gas prices" 

( p.l-ll ) . Thi s  statement imp l i es that the fuel cost savi ngs due to  

the convers ion by a ut i l i ty from o i l  or gas  to an alternate fuel more 

than offsets the capi tal needed to accompl i sh the fuel convers i on. 

Thi s statement a l so i mp l i es that the capacity factor of a unit  to  be 

converted does not vary s i gn i f icantly when converted from oi l or gas 

to an alternate fuel . ·Th i s  is not necessarily  true. Convers ion 

studies performed by Detroit Edi son general ly i ndi cate that the 

convers i on to an alternate fuel is more costly than l eav ing the units 

on oil  or gas .  The reasons for thi s  are : the hi gh cost of equi pment 

needed to burn an alternate fuel , the rel at i ve cost of an al ternate 

fuel and differences in  avai l abi l ity and capac i ty factor between a 

unit converted to coal and one not converted. A unit that is con

verted to coal tends to run more than a uni t  not converted if the 

coal bei ng used is  l ess expensi ve than oi l .  Thus , the total fuel cost 

for the unit may be the same , or hi gher, for the converted uni t , as 

compared to its cost if left unconverted . However, wh i l e  a converted 

unit may bri ng down the overal l system fuel cost , if the al ternate 

The statement that "the cost associated with fuel subst i tution wi l l  be much l ess 
than the cost to soci ety of accepting a general i ncrease in o i l  and gas prices" 
was not restricted to fuel use by uti l i ties .  Rather, this statement refers to 
al l uses of natural gas and o i l . 

To some extent, Congress al l owed a gradual i ncrease i n  gas prices i n  the Natural 
Gas Pol icy Act,  but i t  refused to enact a simi l ar provision  for oi l .  Moreover , 
Congress d i d  not pass a tax on o i l  and natural gas a imed specifical l y  at uti l i 
t ies .  For these reasons,  the add i ti onal cost of conversion from o i l  and natural 
gas measured by the "substantia l l y  exceeds" i ndex is substantial ly  cheaper than 
an al ternative price i ncrease in a l l  o i l  and natural gas .  Moreover , a tax aimed 
at uti l i ti es may , i n  fact, be qui te high,  and h i gher for some uti l i t i es than the 
cost of the FUA. 

For these reasons the statement stands. It does not contradict ,  however, 
Detro i t  Edi son ' s  v iew that spec i f i c  units may continue using oil and gas at a 
cost cheaper than the convers i on of that u n i t  to coal , parti cul arly when that 
u n i t  is operated as a l oad-fol l ower with l ow-capaci ty use. 
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Detro i t  Ed i son ( conti nued ) 

fuel is rel at i vely less  cost l y ,  the reduced system fuel cost i s  

general ly not enough t o  overcome the cap i t a l  cost o f  new equi pment 

needed to burn the al ternate fuel . The above rat i onale  woul d  be true 

for any ut i l i ty that is  not primari ly  oi l -fi red . 

The fai l ure of ERA to accurately analyze the costs of fuel subst itu-

t i on i s  carried forward in  ERA ' s  Tran s i t i onal Fac i l i ty I n t e r i m  Rule  

(43FR54 9 1 2 ,  November 22 , 1978 ) .  Det ro i t  Edison  fi rmly bel i eves that 

the bas i s  for ERA ' s  cost analysis  must be re-ana lyzed. 

Chapter 3 ,  ent i t I ed "Fuel Convers i on Ana lys is Methodol ogy" , under-

states the real effect of the ERA ' s  Trans i t i onal Fac i l i t i es I nteri m 

Rule. As a resul t of i t s  mi sconstruct ion  of Congress i onal i ntent i n  

the FUA , ERA has insti tuted a requi rement that major el ectri c 

power pl ants and fuel burni ng insta l l at i ons wh i c h  were not operat i onal  

as  of Apr i l  20 , 1 9 7 7 , mu st apply as trans i t i onal fac i l i t i es for exi s t-

i ng u n i t  stat u s .  As i de from the fact that Congress  never i ntended 

t hat the def i n i t i on of an exi st i ng fac i l i ty i ncorporate a requi rement 

that a u n i t  be opera t i onal as of Apr i l  20 , 1 9 7 7 ,  t h e  i ns i stence of ERA 

to adhere to t h i s  requi rement cou l d  destroy the cred i t ab i l i ty of ERA ' s 

methodol ogy . 

For examp l e ,  under ERA' s Trans i t i onal Faci l i ty I n terim R u l e ,  Detro i t  

E d i s on ' s Greenwood U n i t  No. 1 must apply for a n  exi st i ng fac i l i ty 

desi gn a t i o n ,  even though it was 30% compl eted as of Apri l 2 0 ,  1 9 7 7 .  

T h e  i ncrease i n  coal usage o f  Detro i t  Edi son d u e  to t h e  convers ion  o f  

t h i s  fac i l i ty to  coal burn i ng capabi l i ty woul d  be approx i mately 

1 ,1 50 ,000 tons in 1 985 a nd 1 ,200 ,000 t ons in 1 990. In Tabl e 3 . 9  of 

Chapter 3 of the D E I S  are shown the projected fi gures of coal usage as 

The envi ronmental costs of the subs t i tution  are examined in the [ I S .  Actual 
project costs wi l l  be exami ned for each appl i cation .  Costs in excess of the 
"substantial l y  exceeds"  cri terion may be subject to a n  exempti o n .  

See response t o  Cal i forn i a  Energy COlTlTl i s s i on cOlTlTlent  about page 1 -2 ,  Table  1 . 1 .  

See response to Cal i forn i a  Energy Commiss ion cOlrment  about page 1 -2 ,  Tabl e 1 . 1 .  ODE i nforma tion  furni shed by the Eas t  Central Area Rel i a bi l i ty Coord i na t i on Agreement  i n  Apri l 1 978 , i ndica te that Greenwood Uni t  #1 i s  expected to be operat i onal in 1 97 9 .  A determi nation of i ts status wi thout formal submi ss ion to ODE for a determination  i s  premature . 
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Detroi t  Edi son (cont i nued ) 

a resul t of impl ementat i on of the FUA. I ncorpora t i n g  the usage 

f i gu res of Greenwood U n i t  1 i nto  Tabl e 3.9 wou l d  ra i se the fi gures 1 .6 

percent and .9 percent respect i vely for the years 1 985 a nd 1990.  Th i s  

i s  the effect o f  j u st one u n i t  o f  one uti l i ty company. However, i t  i s  

not c l ear whether the O E I S  refl ects thi s poss i bi l i ty .  It i s  h i gh l y  

unl i kely that i t  does s i nce at t h e  t i me t h e  d a t a  for Tabl e 3 . 9  was 

comp i l ed ,  ERA cou l d  not ( a nd present ly cannot) k now for cert a i n  the 

number of fac i l  i t  ies throughout the county which wi l l  u l t  imately be 

des i gnated as  exi s t i ng u n i t s .  

Al ong thi s same l i ne , there i s  no  i nd i cat i on i n  the O E I S  whether ERA 

has cons idered the i mpact of those non-coa;_ � i rprl u n i t s  presently 

awa i t i ng fln�! ac t i on under ESECA. 

ERA shou l d  re-eval uate its worst case scena r i o  to  i nc l ude t he effect 

of its Trans i t i onal Faci l i t i es R u l es and, when f i na l ly promu l gated, 

its E x i st i ng Fac i l i t i es R u l es , on al l e l ec t r i c  ut i l i ty compan i e< ��'dt 
h ave gas or o i l - f i red non-combustion turbi ne un : � �  that are on- l i ne or 

that ha ve not gone on-l i ne , h·�: wM en were under const ruct i on pri or to 

Apri 1 of 1 0 7 '"" 
�." I .  

I n  Sect i on 3 . 2 ,  ent i t l ed "The I ndustrial  Sector " ,  i t  appears that ERA 

assumes that a l l  MFBl ' s  are owned by non- e l ectric  uti l i ty i ndustries.  

Under the def i n i t i ons contai ned in  the Fuel Use Act and ERA' s proposed 

rul e s ,  e l ectric ut i l i ty auxi l i ary boi l ers (u sed at power pl ants to 

provide heat i ng for various purposes) may be c l assi f i ed as MF8 l ' s  a nd 

thus subject to convers ion  orders. ERA should determi ne how many 

aux i l i ary boi l ers woul d be affected and i ncorporate the resu l t i ng 

i ncrease in coal usage due to conversion  of these u n i ts i nto i t s  worst 

case analy s i s  to i ndeed have an accurate worst case analys i s .  

The E I S  a s s umes uti l i t i 2 :  �"n�� cSErA prohi h � t� �� ���2rs wi l l  b e  processed under 
ESECA . 

See response to co""',:�.� oy Ca l i forn i a  Energy Corrm i s s i on ( pp .  1 2-28 and -33 ) .  

�h i l e  e l ec tri c uti l i ty auxi l ia ry boi l ers may be c l a ssi fied a s  MFB l s ,  because of 
the i r  very l ow uti l i zation  factor, most of  the u n i ts cou l d  apply for exempti ons 
a s  pea k i ng units  and not be subject to mandatory coal combustion orders . 
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Detro i t  Edi son (conti nued) 

Sect ion 10.2.2.2 of the DEIS  di scusses nuclear technology. The state

ment is made that ·Process steam can be produced. however. the cost is 

quite high and there are major technological problems related to safe

ty and di sposal i ssues· (p.  10-7 ) .  Thi s  statement i s  not S'Jpported 

with any references. Furthermore. Detroit  Ed i son bel i eves that this  

stat_nt i s  not true. 

With regard to proces; ::�am. no mention has been made in any of the 

papers appeari ng in l i terature (Atomic t";�� of Canada l i mi ted Report 

5 1 1 7 ,  Oak Ri dge Nat i onal laboratory Report T5-5 1 1 6 ,  for eA��;��) of 

a ny major technological probl ems regardi ng the transmi ssion of process 

steam, especial ly i n  the areas of safety and di sposal . In addition.  

the previous studies that have been made do not show process steam 

proGu�� by �u�;ear reac�ors ����;  :!����1cant l v  hi gher in rft.· 

if ��vauced by other means such as Oi l-fired or coal-fi �� pl ants. 

If the second part of the statement quoted above rea l ly refers to the 

generic nucl ear p l a nt safety quest ion and not process steam. then it 

should be reworded to reflect this d i s t i nct ion. However. even then 

the statement would not be accurate. With regards to safety. general

ly accepted safety cri teri a i ndicate that the probabi l i ty of having a 

serious nuclear accident i s  extremely low; tests of the Emergency Core 

Cool i ng Systems recently conducted at Idaho National laboratories show 

that these systems work effecti vely i n  reduci ng the probabi l i ty. of a 

core mel tdown. and · the record of the nuclear p l a nts i n  service cl early 

shows that no major accident has occurred. If  the ERA is aware of 

unaddressed major technol ogical problems regard i ng safety. they should  

be expl iCi tly stated. 

The statement objected to by Detroi t Edison is misl eading and has been changed 
( see p. 1 0-7 ) . The statement is meant to refer to the difficu l ty of produci ng 
steam and electrici ty by nuclear power for smal l er users at scattered s i tes . 
Because the FUA is di rected to such users . nucl ear uni ts were not consi dered 
suffiCiently con.,eti t i ve in price due to economies of scale.  A sufficiently 
l arge user can have steam and electric i ty produced a t  prices competit i ve with 
coal . 

The reference to safety should not have impl ied techno logical problems with 
steam producti on or waste di sposal . The safety probl em  which was al l uded to 
concerns Nuclear Regul a tory Commi ssion requi rements and preferences regarding 
l ocati on of units in areas which are not highly urbanized . In such instances . 
the opportu n i t ies to l ocate a nuclear un i t  near an i ndus trial user are few and 
"'4;t be � s afety problem i nsofar as comp l i ance with a l l NRC safety regu l a tions 
is concerned. Furthermore .  there is consi derab l e  concern about tne envi ron

mental l y  acceptab i l i ty of l ong-term waste d i sposal . 
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Detro i t  Ed i son ( conti nued ) 

The same is true of di sposal of nuclear wastes . Recent government 

studies have stated that there are no real technol ogi cal  probl ems re

garding  the storage of nucl ear waste .  The probl ems are of con v i nc i ng 

people in a part i cu l ar state to al l ow the bui l d i ng of a waste 

repos i tory. 

For the reasons stated above, Section 1 0 . 2 . 2 . 2  should be revised to 

accurately reflect the true re l at i onsh i p  between the costs of produc

t i on of electricity from nuclear powerpl ants and coa l-fired power 

pl ants. 

Fi nal ly ,  Section 10.3.4  d i scusses the cost test to be used by ERA when 

considering an exemption from the various proh i b i t i ons  of the FUA 

based on a l ack of al ternati ve fuel supply. Statements are made to 

the effect that the level of economic pena l ty that i s  to be shoul dered 

by a company to use coal , affects the coal usage ; i . e . , the greater 

the penalty, the moore coal is used. As worded , these statements do 

not make any sense unless one is aware of the cost test ERA has incor

porated i nto its proposed regulati ons to determine whether an exemp

tion should be al l owed. The cost test is a rati o  test where the cost 

of usi ng coal (which  incl udes fuel , capital and O&M) is compared to 

the cost of usi ng o i l .  ERA wi l l  establ i sh a gui del i ne rat i o  fi gure by 

which to determi ne i f  a fac i l i ty i s  to be exempted. If  the rat io for 

the fac i l i ty is greater than the gui del i ne,  the unit  is exempted; i f  

the rat i o  i s  not , the un it  mu ';t convert t o  coal . Thus, i f  the guide-

l i ne i s  changed, the number of exempt i ons granted i s  changed. I f  i t  

I s  rai sed, more units wou l d  b e  converted; i f  l owered, fewer uni ts 

would be converted. In this  part i c u l ar subsect ion ,  an  attempt is made 

to expl a i n  the effects of the cost test without defi n i ng the test.  

The cost  test and  a l l  i ts nuances have been detai l ed i n  the regul ations as  pub
l i shed in the Federal Reg i s ter on November 1 7 ,  1 978. and January 29, 1 97 9 .  The 
EIS reflects the worst-case analysi s  by u s i ng a suffi c iently high cost cri terion 
that vi rtua l ly all el i gi bl e  combustors are posi ted to be affected by the FUA . 
Any l ower test woul d  res u l t  i n  fewer mandatory fuel switches and a dimini shed 
i mpact on the envi ronment. Section 1 0 . 3 . 4  di scusses the al ternative cost l evel s 
and the national and regional impacts with i n  thi s  context,  and provides i nforma
tion on which to base the final determi nation for the DOE regul ations  implement
i ng FUA. 
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Detro i t  Edi son (continued ) 

The result is a series of statements and a table of fi gures (Table 

10.5 on p. 10-13) , which are confusing. An explanation of the cost 

test is needed in this subsection in order to clarify ERA' s pos i tion. 

Furthermore, it  i s  recOlllllended that the ERA discuss the relit ionsh i p  

o f  i t s  proposed cost ratio and al ternate ratios t o  the effects on 

various fuel consumptions, and thus, the envi ronmental impacts. 

In conclusion, Detroit Edi son bel i eves that in its present form the 

DEIS fai l s  to adequately analyze the true cost rel ationship  bet�een 

the use of oil  and natural gas and alternate fuel s.  Moreover, some of 

the basic assumptions used i n  design i ng a methodol ogy (and 

subsequently i ncorporated i n  ERA ' s  proposed regul ations) , are not 

accurate. Detroit Edi son submits that these areas must be corrected 

before the ERA ' s  burden under "EPA can be sat isfied. 

Very truly yours, 

> . .u . $cL-:c.O.--

See above response to Detro i t  Edi son cOlllllent.  

DOE bel ieves the responses to the above comments address these i ssues and that 
the EIS adequately satisfies NEPA requi rements . 
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DllAFT PROCllAMMATIC ENVIRON!1ENTAL U!PACT STATEMENT . FUEL USE: 
ACT (DOE/EIS-0038-D) 

COMMENTS IN BEHALF OF DOW CHEMICAL U . S . A .  

Sect ion 2 . 4 . 3 . 1  sta tes the purpose o f  th is document i s  t o  !J ,, �  
the requirements o f  the Nat ional Environment a l  Policy Ac t 0 
1969 to "prepare de tai led environmental s t a tenen ts on p!:'O?O eo! 
federa l  act ions which have the potential for s ignifican t l y  
affec ting the qua l i ty o f  the human environment . "  

Dow bel ieves that the draf t  sta tement is prema ture snd mer l t s  
sub stant ial  revision and quanti fication i n  order t o  mee t  this 
obj ect ive . The fol lowing remarks are offered to a id the s tated 
obj ec tive .  

EFFECT OF REGULATIONS : Regulat ions pursuant to the FUEL USE 
ACT are presently undergoing pub lic review and commen t .  Regula
t ions regarding existing fac i l i t ies have been made ava i lab le 
only during the past week . Therefor e ,  the IMPACT STATEMENT is 
premature and may present impact information which i s  not useful 
for dec is ion making . Dow recommends tha t consideration o f  the 
H·1PACT STATEMENT be postponed in order tha t i t  may truly refiect 
the effects of the regulat ions and provide informat ion sui tab l e  
for decis ion making . 

The ex i s t i ng hc i l  i ties regul a tions and the E I S  were concurrently developed by 
personnel from the s ame organizationa l u n i t  in the Department of Energy. The 
EIS was desi gned to reflect the impacts of a l l  the Department ' s  regu l ati ons and 
their impacts on a l l  fac i l i ti es subject to FUA and neces sari ly predated the 
promul ga tion of the regul a t i ons . The schedul i ng of the E I S  and the regulations 
a l l ows l im i ted concurrent review between the E I S  and the ex i s ting fac l l l ty 
regu l a t i ons ; however , Section 901 of the FUA provides that the .�ct shal l take 
effect on May 8. 1 979. DOE consi ders i t  important both to have the E I S  serve 
as a dec i s i on-ma k i ng document in prepar i ng the final regul ati ons and to have 
the regu l a tions and i ts E I S  in final form by the May 8 .  1 979 . date . The 
comnent periods have been res tricted �y thi s l a tter cons i derati on . Each 
exi s t i ng fac i l i ty rece i vi ng a FUA order wi l l  be exami ned on a s i te-spec i fi c  
ba s i s  to a s s es s  the envi ronmental imeacts o f  the ereposed ac ticn a n d  i ts 
al �(!rnati ·Jes . 
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Dow Chemical U . S . A . , Texas Di v i s i on ( conti nued ) 

NOTIFICAT I ON :  Pages 1 - 13 and 1 - 1 4  lis t agencies and organ i z a t ions 
trom which comme n t s  were specif ical ly reque s ted . The l i s t  does 
not include organ i z a t ions wh ich repre sent owners of maj or fu? l 
burning installat ions . Ina smuch as Summary paragraph 1 . 2  an
t ic ipates effects by the ACT on indus t r i e s , o ther than-lit i l i t ie s , 
comme n t s  from these indu s t r i e s  should be reque s ted and adequate 
t ime b e  al lowed . 

AN OPfRATlNO UNIT Oil' THI! DOW CHEMICAL COMPANY 

The l i s t  a l s o  does n o t  inc l ude profess ional technical organi
zat ions such as American Chemical S o c ie t y , Amer ican S o c i e t y  of 

.Mechanical Engineer s ,  Ame r ican Ins t i tute of Chemical Engineer s , 
Nat ional Society of Profe s s ional Engineers , American Ins t i tu t e  
o f  Mining and Metal lurgical Engineers a n d  o thers . S ince i t  i s  
t h e  members o f  these national organ i z a t ions who wil l app ly 
technology to implement the /lCT, the ir comme n t s  should b e  re
ques ted and adequate t ime b e  a l l owed . 

BASES FOR IMPACT STATEMENT : The bases for the IMPACT STATEMENT 
are n o t  cons is tent w i th the proposed regu l a t ions and ac tual 
leg i s la tion . 

The economic bases for the mod e l  fnr the indu s t r ial s e c t o r  
(APPENDIX A) l i s t s  a n  a f t e r - tax r a c e  of r e t urn of 1 5% o n  pagc 
A- 4 .  The proposed regulat ions l i s t  7% for MFBI ' s  in Sec tion 
505 . 5 .  

The IMPACT STATEHENT i t s e l f  ( t op page 3 . 3) s t a t e s , "The a s sump
t ions used in the model do not r e f lec t the ac tual d e c i s ion 
var iab les t o  be used in the regulatory proc e s s .  For examp l e ,  
n o  capital c o s t s  were used t o  mod e l  ec6nomic pena l t i e s  a s s o c i a t e d  
w i th c o a l  use . "  T h e  cap i t a l  co s t  premium o v e r  g a s  f o r  max imu,a 
conve rs ion by Texas u t i l i t i e s  alone to coa l / l ignite for the 
1 9 7 5 - 1990 period was e s t imated to be 30 . 4  b i l l ion dol lars�' .  The 
ACT provides for e conomic comparisons in the decision p roce s s  
f o r  exemp t ions . 

I n  addi tion to the agencies and organi zations l i sted on pages 1 - 1 3  and 1 - 1 4 ,  
numerous copies  were di stri buted to state agencies and the publ ic  through DOE 
regional offices and state cl earinghouses . The document a l so was made ava i l abl e 
to the genera 1 pub 1 i c by Noti ces of Ava i l  abil  i ty i n  the Federa 1 Regi s te, ' dated 
November 1 3 ,  1 978, and January 9, 1 979. Numerous publ i c  i nquiries resu ted i n  
add i t i onal di stri butions to trade and profess ional organizati ons , interested 
companies , i nformational i nsti tutions , and private i nd i vidua l s .  

The 1 5  percent stated i n  the E I S  i s  the rate o f  return projected a s  requi red for 
a company to vol untari ly  construct for coal combustion rather than oi l or gas 
combustion . Thi s  amount i ncl uded a "hassle  factor" for the extra managerial  
efforts requi red for coal combustion . The seven percent i n  the regulations i s  
the company ' s  cost o f  capi tal , and not comparabl e to the rate of return i n  the 
E I S ,  s i nce DOE recogni zes that the company wi l l  be ma k i ng a profi t on i ts i nvest
ment .  Furthermore, shou1 d t�e company use seven percent,  rather than 15 percent, 
as an i nvestment cri terion, there woul d  be more voluntary swi tching and the 
impacts of the program woul d  be further dimini shed compared to the E I S  projections . 

The E I S  model i ng i ncl udes capi tal costs , as i nd i cated on pages A-3 and A-4. 
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Dow Chemical U . S . A  . •  Texas Di v i s i on (conti nued) 

Use of the Crude Oil E�lization Tax of $ . 2 1 per mill ion Btu ' s  
i s  not consistent with legislation . 

The assump t ion , Sect ion 3 . 2 . 1 ,  tha t ,  "Gas prices will remain 
controlled - "  is not consistent with the NATURAL GAS POLICY 
ACT of 1978 . 
Section 2 . 3 (a) ( 1 )  of the ACT seems to offer mixed-fuel firing 
as an alternate ; however , Section 3 . 2 . 4 . 3  of the STATEMENT is 
highly discouraging . "Li t tle is known about the costs and rel ia
bility of mixed- fuel f iring . -- Until more is known , r.roving 
i t s  applicability at any particular plant is unlikely . ' 

IMPACTS ARE INCOMPLETE, CONFUSING 

Social and Economic Impac ts ( Sect ion 1 . 3 . 6  and 5 . 8) inadequat e ly 
describe the to tal ·impacts of the ACT . 

Sec tion 1 .  3 . 6  s tate s ,  "- coal production in Texas may produce 
boom town effects - "  Section S . B . l  state s ,  "no boom t o wn  
impacts are expected - " 

No assessment is offered for the socioeconomic impact on those 
cit izens who will be impac ted b y  higher gas costs to their homes 
and businesses due to removal of utility and indus tria l  gas 
from exis t ing gas delivery sys tems . 

Although Sect ion 1 .  s t a t e s ,  " S i t e - s p e c i f i c  environmen t a l  imp"<cts 
will be addre s s e d  in subsequent NEPA comp l iance documents - " ,  

the STATEMENT appears to reach premature conclusions b a s e d  on 
inadequa t e  local d ocumen t a t ion . An examp l e  is S e c t ion 1 . 3 . 4 ,  
paee 1 - B ,  w i th regard t o  the Gul f  Coas t o f  Texas and the con
c lus ion , " - was te s \v i l l  have to b e  t r an s p o r t e d  t o  the vJe s t  
and nor th for d i spoas l . "  

S e c t ion 1 . 2  s t a t e s  that a b a s i s  o f  the IMPACT STATEME�IT i s  " t h a t  
a maximum numb er o f  fac i l i t i es wo uld b e  des igned f o r  o r  would 
conver t  to coal - " .  Tab l e  3 . 4  shows 94 , 091  thousands of shor r 
tons c a l l e d  for in Demand Re gion VI in 19 8 5 . Th i s  is for f ive 
s ta t e s ,  and pa r t s  of t h e s e  s t a t e s  are supp l i e r s ; the r e fo r e , n e t  
imp o r t  would b e  l e s s  ( s ee Tab l e  4 . 1 2  for 1975 product ion) . Th i s  
maximum proj ect ion o f  n e t  imp o r t s  f o r  five s t a t e s  i n  1 9 3 5  i s  
subs t ant ially l e s s  than t h e  1 2 5  mi l l i on tons p e r  year proj e c t e d  
f o r  Texas alone under a max imum conversion scenario*";': . These 
data should be reconc i l e d  w i th s ta t e  data . 

See responses to comnent by Atlantic Richfield (p. 1 2-1 00) about Table 1 . 1  and 
by U . S .  EPA about projections of oil  and gas (p .  12-1 5 ) .  

The soc ial  and economic impacts associated wi th coal production nationa l l y  were 
presented I n  Appendi x  K. The assessment I n  this section shows the kinds of 
Impacts expected from boom towns .  If Texas expands coal production to meet I ts 
eristing uti l i ty coal steam construction plans , then more mi nes wi l l  be opened . 
I t  may be expected that some boom town impacts would  occur. With regard to FUA , 
however, no boom i mpacts are forecast because FUA Is not expected to cause new 
mines to open to sa ti sfy the i ndustrial demand for coa l . Rather, I ndustrial 
users woul d  l i kely purchase coal from existing mi nes , or mi nes opened for coal 
demand in excess of FUA. 

See responses to comments by American Gas Assoc iation ( p .  1 2-93) and Cal i forn i a  
Energy Commi ss i on ( p .  1 2-33 ) . 

The assessment of waste di sposal impacts on l and use indicated that 6S to 
67 percent of the coal waste produced as a resul t  of the FUA coul d  be i n  Demand 
Regi on VI (Secti on S . S . S ) . S i nce much of the i ndustry in thi s  regi on is concen
trated on the Gul f  Coast,  the i denti fication of the generic probl em of waste 
d i s posal in l ow-l y i ng coastal areas , domi nated by ricel ands and wetl ands , was 
consi dered important and therefore presented as an exampl e pf a regi onal probl em .  

The purpose of Section 3 . 3  i s  to demonstrate the coal fl ow pattern associ ated with the changes i n  coal demand and supply as a resu l t  of the proposed action. Tab l e  3.4 merely provi des the i nformation on general pattern of coal flow from coal supply regions to coal demand regi ons . Only the rel ati ve magn i tudes of coal shi pments to coal demand regi on s  from various coal supply regions was set as i nput to construct Tab l e  3 .6 .  Therefore , the absolute amount of the coal demand and supply depicted i n  Table 3 . 4  was not di rectly appl i ed i n  Section 3 . 3  and 
throughout thi s  study . 

. 
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Dow Chemical U . S . A . , Texas D i v i s i on (continued ) 

In the intere s t  of e conomy and e f f i c iency the s o c i o economic 
impact o f  the admins tra t ive and procedur a l  requi rement s of the 
regulations should b e  a s s e s s e d  and made ava i lable t o  the pub l ic 
be fore t h e  rep,ul a t i ons become fina l . 

im 

Yours t ru l y ,  

W�� 
Technical Manag er 
Energy Sys tems Tech Cent e r  
B- 10l Bui l d ing 

*PART I I ,  TECHNICAL AND ECONOMIC EVALUATION OF VARIOUS ELECTRIC 
UTILITY NATURAL GAS REDUCTION PROGRAMS 1 9 7 5 - 1 9 9 0 , Federal Power 
Commi s s ion , Bureau of Power , Fort Worth Regional Office . March , 
1 9 7 6 ,  page 190 . 

**TEXAS ENERGY OUTLOOK , THE NEXT QUARTER CENTURY ; Governor ' s  
Energy AdVisory Counc i l ;  March , 1 9 7 7 ,  page 1 3 . 

Idaho-Regi on IV Devel opment Assoc iation ,  Inc . 

Slale Of Idaho A DIVISION OF BUDGET. POLICY PLANNING AND COORDINATION • EXECUTIVE OFFICE OF THE GOVERNOR 

JOHN V. EVANS 
(;oVerDor 

Slalchousc 
Boisc. Idaho 83720 

IROrf'ENIAl. tVAl...UATI(JjS JlIIAocH, DIVISI(Jj OF CoAL. IJrILlZATI(Jj 
r A FRANK... CHIEF 

FICE OF FUEL�ReGJlATI(Jj �1 OF ERGY; ROOol l2!J2. 
U i1 STREET, , ,W ... . ,.. 

SHINGT(Jj, ll, C. 2ViOl 

SIR: 

_RE:RE Iff ACT (Oll! SAI#(jl!is1513) 

THE 11,l�l(tSIATE CliARINC.t{)IJSE HAS C IRC�TED THE R.EL Iff I'D IlEIS (Oll! 
SAlt'01l8.D1.5) TO AGEt«:IES FOR REVIEW, IHE Fou..OWING AGOCIES REVIEloeJ 
THE IlEIS: 

See response to conment by the Cal i forni a  Energy COllll1iss ion ,  p .  1 2-33. 
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Idaho-Regi on I V  Devel opment Assoc i a t i o n ,  I nc .  ( conti nued ) 

I[)III{) �FICE OF ENERGY 
DAf{) PT. OF HEALTH & rlELFARE-ENvIRotfo'ENT 
[)III{) IC UTILI IES ISSION 

NATLIlAL SOURCES B1REA����ION OF BwGET, PoLICY Pl..ANNING & 
UI � INATlQN/STATEf{)USE 

DA--{RE IONAL f1..ANN NG & VELOPMENT soc. ;WEISER, ID AAmWIDE C�RINGf{)\.!SES: 

GION I �LOPMENT ASSPC.�WIN FALLS, to . . .  SEE COI'fo'fNTS ATTACHED 

AAEAWIDE CLEAR INGt{)lJSE, REGION IV, S�ITTED SUPPORTIVE REIWlKS. SPECIF IC  
CONCERNS EXPRESSED BY TI£ DIRECTOR OF REGla� IV  ARE ATTACffl , ',c YOUR INFOR
MllTlON. 

THANK YOU FOR THE OPPORTUNITY TO REVIEW T1-£ DEIS.  HE ANTICIPATE RECEIVING 
THE FINAL IMPACT STATEMENT UPON PUBlICATION. 

EQUAL OPPORTUNITY EMPLOYER 

R E G IO N  IV D E V E LO P M E N T  A S SOCIAT I O N .  I N C. 
725 SHOSHONE STREET SOUTH 

TWIN FALLS. IDAHO 83301 
PHONE (208) 734·6586 

TO S l u t c  C I C'�'l [" l n'-J h 8 u �; C  

RE 

Di v i. s i ':l f l  '::If lIUc1<"i i"! t ,  P o l i c y  P l a nning and Coor d i nu t i on 

700 West S ta t e  S t r ee t ;  2nd Floor West 
Boise . I daho 8 3 7 2 0  

P r O j e c t  T i l h : : Fue l U3e Act (Envir onme n t a l Impa c t  S L a Lcmon l )  

S t a t e  Applica t i on I d e nt i f i e r  Numbe r : ______ �U�1�1�8�12" �1�3 ______________________ _ 
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Idaho-Region  I V  Devel opment Assoc i a t i on , I n c .  ( conti nued ) 

The a bove project has been reviewed and the f o l lowing resu l t ed :  

(see below o r  a t t a c h e d )  
No Comment 
A f f i rmat ive Find lng 
Neg a t ive F i nd ing 
Needs A t t e n t ion § ( see below or a t t a c hed ) 

(possible dup l i c a t iOll , e t c . )  

The f o 1 1 0\" ing agen cies and un i t s  o f  loca l government wert! con ta. c ted (hlr lng t h e  
rev iew per iod : ( t he i r  ,",,:r i t ten COTMle n t s  a. r c  a t tached ) 

AreawidC" C le a r inghou:;; c comme n t � :  

W e  urge t h e  wide s t  l a t i t ude be given to e x i s t iny- p l a n t s  whether coa l .  o i l  or 
na tural gas is the fue l source . Lead t imes on new p l a n t  construction, a. v a i l a bi lity 
of coal supplies and capi t a l  availabi lity may render the 1 990 obj ect ives of the Fucl 

·Use Act as optim i s t ic .  Coa l production i s  the key _ we are concerned the deterients 
to strip mine capabi lity , lack o f  trained work forc e ,  and mining and plant equipment 

demands will not be ready to meet the object ives of the Act . 
Ef forts made by Areawide Clearinghouse to solve issue s ,  problems , a nswer 

quest ions ,  e tc . : 

Areawide Clear inghouse R . -----::- � 
eprescntat1ve ( 1' '''"7Z 'C ('  � .• r:. -r 

(p . rp " r/' I -r, , -<,I v,,,.w'1 .7",,'''' &,,(nz ";11."" 

Date //1 �f 

The energy projec tions due to FUA were perhaps optimi stic  but i t  was necessary 
to provide a worst-case analys i s .  Less coal product i on assoc iated w i th FUA 
would naturally reduce the envi ronmental impacts . 
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Manufactur i ng Chemi sts Assoc i ation 

���IJ'" MANUFACTURING CHEMISTS ASSOCIATION 
1825 CON"-IECTICUT AVENUE r-. w v\ASHI�G TON 0 C 20009 

ROBERi A ROLAND 
PRESIDEW 

February 2 7 ,  1 9 7 9  

: � fice o f  Public Hearing Management 
Box WA 
Department of Energy 
Room 2 3 1 3  
2 0 0 0  M Street , N .  W .  
Washington , D .  C .  2 0 4 6 1  

Subjec t :  Dra f t  Environmental Impact Statement 

Gentlemen : 

TELEPHONE (202) 328·4210 

TELEX 89617 (MCA WSH! 

8J.9�8 
'�� " . .  �,.. :.1 � 

Herewith are the comments of the Man u f actur ing Chem ists As
soc iation in response to the January 9 ,  1 97 9 ,  Federal Register 
Notice (pp. 2 0 0 5 )  inv iting pub l ic comments on the Department of 
Energy dr a ft  programmat ic environmental impact statement ( E I S )  
( DOE/EIS - 0 0 3 8 - D ) , issued November 9 ,  1 97 8 .  

The Manu facturing Chemists Assoc iation ( MCA) i s  a nonpro f i t  
trade assoc iation having 1 9 1  united States company members 
representing more than 90% o f  the production capac ity o f  a 1C 
indu strial chemica l s  within this coun t r y .  The implement atiun o f  
t h e  Powerplant and Industrial Fuel U s e  Act o f  1 9 7 8  ( FeA) and 
resul tant environmental impact are of vital concern to our 
industry . 

We be l i p'vp. thE" E T S  i.n.::1 oeolln.telv reflects the imoact of the 
regulations proposed Nov�mber i 7 , 1 97 8 ,  4 3 F R  53 9 7 4 , and January 
2 9 ,  1 9 7 9 ,  44 FR 58 0 9 , to implement the FUA for two signif icant 
reason s :  

1 .  The regu l a t ions actua l l y  proposed are potent ia l ly 
much broader in scope than ba s ic a s sumptions in the 
EIS and con f l ict with what MCA be l ieves to be the intent 
o f  Congres s .  The study summary a s serts that FUA only 
a f f ects units with a fuel input heat rate o f  1 0 0MM Btu 
per hour or greater ( 2 5 0 MB  in aggregate ) .  In contrast , 
the proposed r u l e s  could a f fect thousands of sma l l e r  uni t s .  

See response t o  corrment by Cal i forn i a  Energy Corrmi s s i on . page 1 2- 2 7 .  

N 
I � 

rcr� '" 



Manufacturi ng Chemi s ts Assoc i at i on ( conti nued ) 

2 .  The E I S  is based on an energy supply/demand forecast 
pub l i s hed by t he Energy In formation Adm i n i st ra t ion ( E I A )  
in early 1 9 7 8 .  However , the forec a s t  base data i s  three 
years old and does not r e f l ec t  more recent t rends i n  
energy conservat ion in the indu s t r i a l  sector . O n  November 
1 ,  1 9 7 8 ,  MCA commented in a letter f rom Mr . A .  C .  C l a r k  
to Mr . L i n c o l n  M o s e s  a t  E I A  spec i f i c a l l y  about shortcomings 
in the data base subsequ e n t l y  used in the E I S . A copy 
is enclosed for your conven ience . 

A reworkinq of the E I S  to r e f l e c t  the actual req u l a t io n s  and a 
more up-to�date energy forecast wou ld do much to e n hance its 
va l u e  a s  a n a s s e s sment o f  the impact o f  FUA . P l ea s e  l e t  u s  
know i f  w e  can b e  o f  a S s l stance . 

.. ;7�/ �� 

See response to cOlllllent by the U . S .  Department of Hea l th ,  Educa t i o n ,  and Wel fare 
on conservation ,  page 1 2-6 .  The energy forecasts presented in the E I S  ref l ected 
ODE ' s  pos i t i o n  on future energy demand in the U . S .  An underestimation of con
servat i on in the i ndustri a l  sector woul d mean an overestima tion i n  the amount of 
future coal use both for the base case and the proposed program. The i mpacts 
i denti fied wi t h i n  the E I S  for i ncreased coal use woul d  therefore be l ess . 
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Publ i c  Service  El ectr ic  and Gas Company ( New Jersey )  

o PSfiG 
Public Service E lectnc and Gas Company 80 Park Place Newal'k, N . J .  07 1 0 1  201 /430·6462 
James R. Lacey General Solicitor 

February 7 ,  1 9 7 9  

O f f ice of Public Hearing Management 
Box WA 

78194013 
Department of Energy 
Room 2 3 1 3  
2000 M Street , N . W .  
Washingto n ,  D C  2 0 4 6 1  

Gentlemen : 

Re : " Implementation of powerplant and Industrial 
Fuel Use Act [ Draft Environmental Impact 
Statement Public Hearing and Extension o f  
Comment period ) 4 4  � Reg . 200 4 ,  
January 9 ,  197 9 "  

Public Service Electric and Gas Company ( Public Service) 
submits the fol lowing comments seriatim in the above-entitled 
matter . 

Chapter 1 :  SUMMARY 

1 .  3 . 1  

r .. 1 ;'9 J� ;.. -, 

�� �Z 

The potential environmental impact o f  diesel fuel 
combustion during transportation necessary to meet 
increased coal demand is descr ibed as neg l ig ible . 
Much coal will be transported through heavily 
urbanized area s contributing to greater local air 
pollution problems . S ince many of these urbani zed 
regions are already non-attainment areas , the 
contribution diesel exhaust wou ld make to regional 
air pollution would be sign i ficant . 

The regional ground level di spersion model shows a 
max imum �ncrease of 502 from FUA implementation o f  
2 . 5  ug/m , t h i s  compares t o  a pr�dicted 1 9 8 5  national 
average concentration o f  25 ug/m . The combu stion 
o f  coal wi l l  thus i ncrease ground level S02 by 1 0 %  
national l y .  The local o r  regional increases could 
be greater . The model does not evaluate the above 
ground d i f ferences nor consider air qual ity 
surrounding the coal burning plant . Each " demand 
region" should be evaluated separate l y ,  s ince there 
is much variation in air qua l i ty among and within 
the 10 region s .  I f  i t  were not for the s ign i f icant 
air qua l i ty d i f ference s ,  the d i f ferentation between 
atta inment areas and non-attainment areas would not 
exist (Clean Air Ac t ,  197 7 ) . 

As can be seen in Table 5 . 1 2  of the Draft E IS ,  the percentage inneases ove� 
base case i n  projected annual ai r pol l utant emi ss ions from transportation of 
coal resul t ing from the proposed action are greatest for the southwest and west 
regions (Supply Regions 6, 7, and 8 ) .  Since none of these regions are heavi ly  
urbani zed areas, the contri bution that di esel exhaust woul d make to  regional air  
pol l ution as a resu l t  of the proposed acti on i s  i nsigni ficant .  

A maximum 502 i ncrease of 2 . 5  �g/m3 i s  predicted , but only over a very smal l 
area . The national i ncrease is far l ess than 1 0% ,  as d i scussed in Section 
5 . 2 . 4 .  Those AQCRs most affected by the program are l i sted in Tabl e 5 . 1 2 a .  
local di fferences i n  a ir  qual i ty are present, a n d  l ocal impacts wi l l  b e  addressed 
by the proper regul atory agencies before coal combustion begin s .  
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Publ ic  Service E l ectr i c  and Gas Company ( New Jersey )  ( conti nued ) 

1 .  3 . 2  

1 .  3 . 3  

1 .  3 . 4  

1 . 4  

The concentration o f  atmospheric CO 2 and the potential 
increase from coa l combu stion rema ins to be determined . 
In Section 5 . 3 . 1 ,  an explanation is made that the 
increase in CO2 and particulate emissions could a f fect 
the earth ' s  c l lmate , consequently " af fecting the human 
and biotic resources of the worl d " . To di scount the 
potential impact s  caused by increased coa l combu stion 
and explain that it is "unl ikely that the sl ightly 
accelerated rate o f  coal combu s tion due to the proposed 
action will a f fect the weather and c l imate of any 
demand region" when no demand region analyses have 
been per formed is premature and unjustif ied . 

Increased coal mining operations can result in increased 
acid mine drainage . The environmental impact on local 
supply region ' s  water qua l i t y ,  aqu ifers and aquatic 
ecology mu st be investiga ted and evaluated . Acid mine 
drainage is considered a very signif icant problem . This 
i s  especially true in the extensively mi ned eastern 
U. S .  

The impact on local prime and unique farmland ha s not 
been investigated . S imilari l y ,  a supply or demand 
r e gion terrestrial ecological impact analysis has not 
been performed . An overa l l  programmatic impact statement 
cannot adequately address the environmental ramifications 
in earth region . 

Table 1 . 5  is a li sting of the environmen tal trade-offs 
o f  the proposed action . Unfortunate l y ,  a l l  negative 
l i s ted impacts are environmental while the po sitive 
impacts are based on either economics or international 
trade . The table neglects the negative impact o f  price 
increase to the U. S .  consumer because of increased 
transportation and added engineering or combustion cost s .  
The positive impacts only address national po licy and 
overall national impact , it does not address the negative 
impacts to the supply or demand regions or to the consumer . 
Since both air and water qua l i ty d i f fer from region to 
region , the national environmental impacts of signif icantly 
increased coal combustion would not be a s  negative a s  
they would b e  On a regional ba s i s .  

Chapter 3 :  FUEL CONVERSION ANALYS I S  METHODOLOGY 

3 . 2 . 4 . 4  As expla ined in this section , in order to comply with 
the intent of the Clean Air Act ( 1 97 7 ) , any bo i ler 
located in a " non-attainment" area should receive an 
exemption . Simil arl y ,  any PSD program requirements 
and State Implementation Plan that prevents or prohibits 
coal combu stion should be cons idered in the exemption 
program. Considering present air qua l i ty , it i s  very 
d i f ficult for any east coast coal burning fac i l ity to 
meet PSD program or S I P  objective s .  

The text has been modified t o  further d i scuss the potential  impact o f  the Act on 
the gl obal CO2 budget (see Sec. 5 . 3 . 1 ) . 

Ac i d  mine drai nage i s  d i scussed in the text (see Sec s .  5 . 4  and 5 . 6 ) .  

A progral11l1atic analys i s  cannot address al l the envi ronmental rami fications of 
implementing the FUA. Analyses have been performed in  Sections 5 . 5  and 5 . 6  to 
the l evel poss i b l e  in a progral1ll1a t1c statement. Wi thout more precise knowledge 
of where combustion of coal wi l l  occur, a more deta i l ed analysis wi l l  not 
i ncrease the preci sion of the assessment. More precise assessments of the 
impacts of impl ementing the FUA wi l l  have to be made on a si te-specific  basi s .  

T h e  cost i mpacts of the program wi l l  b e  i ncorporated into the price o f  coal . 
New requi rements such as the Surface Mining Act of 1 977 and the Resource Conser
vation and Recovery Act of 1 976 and amendments to the C lean Air Act wi l l  
i ncreasingly i nternal i ze the envi ronmental cost of using coal . As coal prices 
go higher, the program i ncorporates the dec i s ion to combust coal in the "substan
tial ly exceeds"  i ndex. Because the program is expected to have its greatest 
i mpact on i ndustry rather than power plants, i ncreases in the cost of generating 
steam and electr i c i ty represent a sma l l  but probably measurable i ncrease in 
product cost to the manufacturer, but an imperceptible  i ncrease to the consumer, 
particularly as only a fraction of a l l  i ndustrial fac i l i ties are affected . 

Exemptions i n  non-attai nment areas were assumed i n  the energy model i ng analysi s  
but the d i scussions on qual i ty i n  envi ronmenta l impact analYS i s  i ncl ude the 
feasibi l i ty of s i t i ng in non-attainment areas (Col11l1ent 1 2-9 ) .  

Coal-fi red faci l  i ti es are presentl y  being constructed o n  the east coast i n  ful l 
compl iance with PSD regul ations. The impact of PSD requirements on coal combus
tion i s  d i scussed in Section 5 . 2 . 4 .  
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Publ i c  Serv i ce E lectr i c  and Gas Company ( New Jersey) ( conti nued ) 

Chapter 5 :  ENVI RONMENTAL CONSEQUENCES OF THE PROPOSED ACTION 

This chapter is enti tled "Environmental Consequences 
o f  the Proposed Action " .  This DEIS admits that the 
envi ronmental impacts are largely negative but 
suggests that the proposed action will comply with both 
the Clean Air Act and the Clean water Act of 1 9 7 7 .  
However ,  the technology and methods required to achieve 
compl iance with these laws are not adequately explained 
nor evalua ted . Interestingly enough one o f  the 
" s ign i f icant "  posit ive impacts of the proposed program 
is the "Encouragement of the use of advanced coal 
combu stion technology" , but these technolog ical advances 
are not spec i f ied in detai l .  

I t  i s  very d i f ficult to c l a im that a method will 
comply with ei ther the Clean water or Clean Air Ac t ,  
i f  the combu stion method i s  not practical or feasible . 
In Section 1 0 . 2 . 1 ,  coal l iqui f icatio n ,  high BTU 
g a s i f ication , and pre ssuri zed f lu idi zed bed combu stion 
are el iminated a s  a l ternates because o f  economic 
imprac ticality and unfea s i b i l i ty by 1 9 9 0 .  Only coal 
gasif ication and possi bly atmospheric fluidi zed bed 
combustion are cons idered v iable a l ternatives by the 
DEIS . 

As explained in Sec t ion 1 0 . 2 . 1 . 1 ,  the ma jor drawback 
to coal ga s i f ication us ing low and med ium BTU gas i s  
the poor transmis sion e f f ic iency . For example , an 
indu strial user of low BTU gas could be no further than 
one mile from the generating plant to make this method 
feasible . The DEIS does not address the d i f f iculty o f  
install ing a gas pipe l ine in a highly urban i zed 
environment , the number of plants required to generate 
additional power nor the necessary additional safety 
factor s .  The environmental i.mpacts o f  these " pipelines 
would obv iou sly be of paramount importance to the people 
l iving in close proximity to the coal burning f ac i l i ty " . 

The atmospheric fluidi zed-bed combu s t ion (AFBC) method 
is in the pi lot plant stage . To expect this method 
to be a " c ommerc ially ava i lable" alternative form o f  
c o a l  combu stion " by 1 9 8 1  or 1 9 8 2 " , as described i n  the 
DEIS , is extremely optimi stic . Obviously , any delay 
or project setback would greatly reduce the po ssibil ity 
of this method becoming an advanced coal combustion 
technology . 

As can be seen in Section 1 0 . 2 . 2 ,  the authors of this 
DEIS admit the alternate non-coal technologies that 
are " l ikely to be feasible for industrial u se by 1 9 9 0 "  
are geothermal , nuclear , bioma s s  conversion and 
municipal waste util i zation . An evaluation of the 
" no c hange" o i l  combu st ion for present and future 
plants needs to be more careful ly evalua ted from the 
po s i t ive envi ronmental s ide rather than the negative 
economic v iewpoint . In many are a s ,  e spec ially on the 
East Coast , it would not be envi ronmentally sound or 
economically feasible to convert present o i l  burning 

Under the regulations. those who i nd i cate that the methods to compl y  with env i 
ronmental regulations are too costly ma y  apply for an exemption under the "sub
stantial l y  exceeds" cri terion. The EIS woul d not be abl e to balance and weigh 
for each fac i l  i ty how envi ronmental compl iance can be achieved . Industrial 
users and uti l i ti es are wel l aware of the technology ava i l abl e and i ts sui t
abi l i ty to meet l ocal a i r  and water requi rements.  The E IS  does not speci fy 
technol ogy because the i ssue wi l l  be resolved primarily  on the bas i s  of cost.  

The text has been changed i n  response to thi s  conment ( Section 1 0 . 2 . l l . 

General l y .  l ow- and medi um-Btu gas wi l l  be produced near or on i ndustrial  s i tes . 
I t  i s  not ant i c i pated that transporti ng l ow- or medi um-Btu gas through the con
struction of new p i pel i nes in urbani zed areas wi l l  be a vi abl e option for i ndus
trial uti l i ty users . 

See responses to cOlllllent of Cal i forni a  Energy COllllli ss i on and the USEPA ( 1 2-1 5 ) . 
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Publ i c  Serv ice El ectri c a nd Ga s Compa ny ( New J ersey )  ( cont i n ued ) 

5 . 9 . 2  

stations to coal . S im i l ar i l y , future plans should 
include both forms of fossil fue l , oil and coal , as 
al ternatives for any proposed generating fac i l ity 
with both environmental and economic impacts in mind . 
A further detai led investigation of other " a l terna te " 
energy sources needs to be per formed . 

Occupational d i seases such as pneumocon iosis wou ld 
greatly increase with the increased coal mining . The 
length of underground service per miner would reflect 
increased incidence of d i sease . An evaluation of 
this impac t ,  the added cost of he alth care , preventive 

medicine and enforcement of the Coal Mine Health and 
Safety Act should be inc luded in both the environmental 
and economic impact section s .  

I f  international economics dictate the p0 s i tive 
envi ronmental impacts , so must the increased cost of 
coal production and combu stion to the regional U .  S .  
consumer , be included under the negat ive environmental 
impac ts . 

Re spec tful ly s� bmi tted , (1 I ' � 
\ . c ' -., c. 'Ia 'J \..-eS--A . Lacey 
\beneral Solici or 
Publ ic Service Electric 

and Gas Company 
80 Park Place 
Newar k ,  New Jersey 0 7 1 0 1 
( 2 0 1 )  4 3 0 - 6 4 6 2  

Un l es s  i t  i s  assumed that present c o a l  mine hea l th a n d  safety l eg i s l ation i s  
i nadequate for the protect i on o f  the mine worker, a stance not justi fied under 
the constrai nts of the FUA analys i s ,  there is no substantive recourse other than 
to accept the regul atory a ssumption of a future m i ne work force free from coal 
worke r ' s  pneumoconios i s  (CWP) contracted as  a resu l t of post 1 975 exposure s .  
Acceptance of th i s  assumption does n o t  mean a restri ction t o  the whol l y  unrea l 
i s t i c  supposi t i on of a d i sease-free occupa tional popul ation .  Under a zero
i n c idence assumption,  there wi l l  sti l l  be i ndividua l s  who started the i r  work 
exposures prior to 1 97 5 .  CWP diagnosed i n  these i nd i vidual s wou l d  be rel ated 
to the i r  early exposures ( pre- 1975  dust l evel s )  and not con s idered to be a func
t i On of future product i on 1 eve 1 s. Al though these persons wou1 d requi re pro
l onged medical  care and i ncur consi derabl e expense in the treatment of their 
di sease, the i r  suffering would not be d i rectly attri butabl e to the FUA produc
tion l evel s .  

An appropriate change h a s  been made i n  Ta b l e  1 0 . 2  t o  refl ect the "substanti a l l y  
exceed s "  cri terion and consequent impact t o  the consumer of coal produc tion and 
combustion. See response to comment by Ca l i fornia Energy Comm i s s i o n ,  p .  1 2-33. 
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Southern Cal i forn i a  Edi son Company 

Southern C.IJforn/1l Ed/lion Compllny 

WII.LIA ... .... . EA ........ 

P. O. eoJl 800 
...... WALNUT Qlltova: AVI:NU& 

IIIO.EMI:Ao, CALI,.OttNIA 8'"0 

February 8, 1 9 1 9  

Of fice of Pub l i c  Hearing Manage_nt 
Box WA Department of Energy 
RoOll 2 3 1 3  
2000 " Stree t ,  N .  W .  
Washington , D .  C .  20461 

,� f::'ti 79 .!:.J 0". 

Ge n t l ellllm :  

Re : Dra f t  Environmental Impact Statement -
Powerpl ant and Indu s t r i a l  Fuel Use Act 

SCE 

781.937JJ 

This letter i8 in response to the invitation of the Economic Regu l atory 
Admi n i s t r at ion (ERA) pub l i shed in the January 9, 1979 i .sue o f  the Federal 
Regi ster (44FR2004) J to comment on the dra f t  programmat ic environmental 
impact s t atement (DE15) wh ich analyzes the impacts associated with 
implementat ion o f  the Powe rplant and Indu s t r i a l  Fuel Use Act o f  1978 (FUA ) .  

INTRODUCTION 

Southern C a l i fornia Edison Company ( Ed i so n )  is a C a l i forn i a  corporation 
providing essen t i a l  e le c t r i c  service t o  nearly e i ght mi l l ion people in 
Central and Southern C a l i forni a ,  covering an area o f  5 0 , 000 square m i l e s , 
including services to defense i n s t a l l a t ions ,  hosp i t a l s ,  food proc e s s i ng 
con.:erns and other essent i a l  indu stries . This service is provided through 
the generation of e le c t r i c i ty from a variety o f  energy sour c e s ,  including 
hydroe lectric f a c i l i t ies as we l l  as those fueled by coa l ,  nuc l e a r ,  oil 
and ga 8 ,  with oil and gas providing an est imated 70% o f  currently inst al led 
capac i t y .  This amounts to over 1 0 , 000 megawa t t s  o f  oi l-f ired generating 
fac i l i t ie s ,  most of wh i ch are located in Southern C a l i fornia ' s  South Coast 
Air Qua l i ty Management D i s t r ic t .  

The IJperat ion o f  Edison ' s  o i l- and gas-fueled plants has , for many 
yea r s , betm subject t o  s t r i ngent air pol lut ion contro l regulat ions wh i ch 
now require use o f  low s u l fur fuel o i l  containing not more than 0 . 2 5 %  
s u l fur b y  we i gh t .  Edison ' s  requirement f o r  s u c h  v e r y  l o w  s u l fur fue l o i l  
has stead � l y  i n c r e a s e d  as a result o f  a dec l ine i n  natural gas supply . A s  
o n e  o f  the l a r g e s t  e le c t r i c  u t i l i t ie s  in the State o f  C a l i forn i a ,  Edi son 
has a sub s t a n t i a l  interest i n  any legi s l a t ion , rul e s ,  and/or regulations 
a f fe c t ing fue l s  used for the gene rat i on o f  e l e c t r i c i t y  and thus r e s pe c t f u l '  
submi t s  t h e  fol lowing comment s :  

N I 
� 
N 
-...J 



Southern Cal i forn i a  Edi son Company ( conti nued ) 

COMMENTS 

Inasmuch as the D E I S  i s  wr i t t e n  to examine the overa l l  FUA impac t s  
on a gene r a l ized bas i s  rather than d e f in i ng s i t e  spec i f ic impac t s ,  i t s  
conc lud i ng a s s e s sment o f  comp l i ance w i t h  a i r  and wat e r  qua l i t y  s t andards 
are incomp l e t e  and wi l l  req u i r e  further ident i f i c a t ion and examin a t i o n  
p r ior to the impleme n t at ion o f  any s p e c i f i c  proj e c t s .  T h e  a n a l y s e s  of 
coal subs t i tut ion for oil and natural gas required under t h e  FUA mus t  
b e  based o n  s i te-s p e c i f i c  cond i t ions i n  ord e r  t o  provide a rea l i s t i c  
and accurate e v a l uat i on o f  e n v i ronmental degrad a t i on . A s  an examp l e ,  
under S e c t ion 1 . 3 . 1 ,  A i r  Qua l i t y ,  t h e  D E I S  conc ludes that n o  r e g i o n a l  
a i r  d e g r a d a t i o n  is ant i c i pated f r o m  the s torage a n d  on-s i t e  proc e s s ing 
of coal and u l t imate d i s po s a l  of wa s t e s  from combus t ion . E d i s on does 
not agree with this conc lus i o n .  Insofar as t h e  DE l S  pr imar i ly addres s e s  
c o a l  burn d irect ly w i t h  pos t-combu s t ion c lean-up , i t  i s  unreasona b l e  t o  
expect t h a t  a i r  qua l i ty i n  dense l y  populated a i r  bas i ns w i l l  n o t  be 

s igni f i c a n t l y  a f fected . 

Further, the DE I S  add resses mee t ing N a t i on a l  Amb l i ent A i r  Qua l i t y  
S t andards for non-a t t a i nment rather than t h e  r e g u l a t ions of l o c a l  a i r  
qua l i ty agenc i e s . A s  a re s u l t ,  t h e  study recognizes pred i c t e d  
non- a t t ainment areas in t h e  mid-At l a n t i c  s t a t e s ,  b u t  does n o t  recognize 
the current and potent i a l  air qua l i t y  prob l ems of the western s t at e s .  

The impac t s o f  the program were a s sessed o n  the bas is t h a t  a maximum 
number of fac i l i t ies would be des i gned for or would be converted to burn 
coal or waste products a8 alternate fue l s .  In cases o f  unac ceptable impac t , 
the DEIS fails  to recognize that exempt ions may be granted for spe c i f i c  
proje c t s  b y  t h e  Department of Energy (DOE) t o  burn o i l  o r  natural gas .  
Th e  DEIS does n o t  address the use of other a lternate fue ls such a s  solar, 
wind , uranium, shale o i l ,  b i omass and geothermal resources inc luded in 
the alternate fuel definit ions of the FUA and thus d i sregards the impact 
of the subs t i tut ion of coal and its resultant waste products  on the 
environment of a region where these a lternate fuels may be d i f f i cult 
to use a8 a replacement for oil and natural gas .· Edi son recommends that 
the DEIS be expanded to address impacts assoc iated with all alt ernate 
fue ls ident i f ied in the FUA. 

In Table 1 . 1 ,  Proj ected Maximum Oil and Gas Savings in 1985 and 1990 
Achieved .s a Result of the Proposed Act ion , the DEIS as,umes no economic 
exe.pt lon unless coal 1S 44% more cos t ly than imported o i l ,  vh i le an 
index o f  1 . 5  (50% or IIIOre) vas proposed under the FUA regulations. The 
bas is for selecting an index of 1 . 44 has not been provided. 

In Sect ion 1 . 3 ,  Environmental Impact s ,  the conc 1uding stat ement reads 
"Coal Supply Region No . 8 - Southwest is projected to increase produc t ion 
in exce.s of 10% over base case . n  Th i l  .tate_nt il .illeading as the 
actual percentage, as shown in Table 1 . 2 ,  i. 15% by 1 985 and 25% by 
1990. 

La. t ly , Edison does not agree with the assumption in Section 3 . 1 . 1  
that for exis t i ng e lectric ut i l i ty boi lers no ad dit ional coal ule would 
result from the i.p leaentation o f  the fUA. 

Sincerely, 

LV/-I-.�� r-2 -","-7 'l'?--ry 

The staff agrees that a prograrrrnatic analy s i s  cannot address a l l  the envi ron
mental ramifications  of impl ement i ng the FUA. Analyses have been performed i n  
Sections 5 . 5  and 5 . 6  t o  the l evel pos s i b l e  i n  a prograrrrnatic statement . Wi thout 
more preci se knowledge of where al ternate fuel use wi l l  occur, a more detai l ed 
analys i s  wi l l  not i ncrease the prec i s i on of the assessment . More precise  assess
ments of the impacts of impl ementi ng the FUA wi l l  have to be made on a case-by
case bas i s .  

Increases is  S02 ' TSP , and su lfates were cal culated for the entire U . S .  The 
impacts associated with these concentrations are d i scussed in Section 5 . 2 . 4 .  
Impa i rment to vi s ibi l i ty i s  a potent ial ly major impact i n  the west but i s  not 
quantifiable.  It  i s  bel ieved that the program w1 1 1  not affect the atta inment or 
non-atta i nment status of the western states . 

Al ternate fuel s are dicussed in Section 1 0 .  

See response t o  Connent b y  t h e  Ca l i fornia Energy Comni ssion (p .  1 2-42) . 

The text (Section 1 .3) has been revised i n  response to this COlll!lent.  

See responses to conments by the U . S .  EPA regarding existing fac l 1 i ties 
( p .  12-10) and the Cal i fornia Energy Comni ssion (p. 1 2- 33 ) .  
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Southern Cal i forn i a  Gas Company (conti nued ) 

U N I TED ST/,'!" ·;'; OF AM l::IUCA 
B E l'ul<E Til E 

DEPAk'l'MEN'l' Of I::NEkGY 

COMMENTS OF SOUT�EkN CAL I FORN I A  GAti COMPANY 

ON 

THE DRAFT P ROG RA11AT I C  ENV I RONMENTAL IMPACT STATl::HENT 

FOR THE FUEL U S E  ACT 

S0uthern C a l i f o r n i a  G a s  Compa ny ( SoCa l )  respec t f u l l y  

subm i ts i t s  comme n ts re g a r d i ng the D ra f t  Prog rama t i c  

Env i ronme n t . l I mpac t S t a tement ( DPE I S )  f o r  the Fue l U s e  Ac t .  

soC a l  i s  a na t u r a l  gas u t i l i ty in the sou the r n  por t i on 

of the s t a t& of Ca l i f o r n i a .  Sou t h e r n  Ca l i for n i a  is w i d e l y  known 

a s  an area � i th se vere a i r  qua l i t y problems , where the d i re c t  

b u r n i ng o f  c o a l  i s  seve r e l y  re s t r i c ted and o i l used by e le c t r i c  

u t i l i t i e s  mu s t  con t a i n  less than 0 . 2 5  pe rce n t  su l ph u r . I n  

add i t ion to be i ng the na t ion ' s  l a r g e s t  d i s t r i b u t ion comp a n y ,  

s e r v i n g  ne a r l y  3 . 5  m i l l ion re s i de n t i a l  cus tome r s , tioC a l  a l so 

prov ides nea r l y  a l l  the energy needs for l a r g e  comme r c i a l  and 

i nd u s t r i a l  consumer s .  Re ta i l  gas s e r v i c e  is a l so prov ided to s i x  

l a rg e  u t i l i t y  c u s tome r s . 

S e C a l  has r e v i ewed the D P E I S  and is se r i ous l y  conce rned 

t h a t  it f a i l s  to a�qua te l y  des c r i be the e n v i ronme n ta l 

consequences of sw i t c h i ng from gas and o i l to coa l  as se t for th 

in the FUA a nd tha t i t fa i l s  to thoro u g h l y  con s i d e r  pote n t i a l  gas 

o p t i on s  as v i a b l e  a l te rna t ives . 
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Southern Cal i forn ia  Gas Company (conti nued ) 

The DPEIS cons iders on l y  the incremen ta l e n v i ronme n ta l 

consequences ar i s ing out of the imp leme n t a t ion of the FUA . I t  

has assessed the FUA i n  iso l a t ion and does not cons ider the 

synerg i s t i c e f fects o f  d i verse federa l agency and pub l i c po l i cy 

a c t ions s t i mu la t i ng the increased use of coa l .  Th i s  res t r i c ted 

v i ew unde rs tates the overa l l  e n v i ronmen t a l  impact and cos t s  

assoc i a ted w i t h t h e  FUA . 

F u r t he r ,  the D PE I S
' 

appears to make unrea l i s t ic 

opt i m i s t i c  E s sump t ions regard i ng f u ture . ad m i n i s tr a t i ve act ions 

approv i ng er v ironme n ta l exempt ions . As an examp le ,  the D PE I S  

s ta tes on Page ] - 6  under Sect ion ] . 2 . 5 . 2  t ha t :  

· A  major cons tra i n t  to coa l use i n  t h e  fu ture 

w i l l  be enforced a t ta i nment of  a i r  qua l i ty 

s t andards . In t h i s  ana lys i s , a l l  combus tors 

shown techn i ca l l y  and econom i c a l ly capa b l e  

o f  burn i ng coa l located in AQCR ' s  cons idered 

tc be in v i o l a t ion of  a i  r qua 1 i ty standards 

( · nona t t a i nmen t " ) were trea ted as au tomat i ca l l y 

e x e�pt from the program. 

Hcwever , the FUA does not guaran tee such exempt ions . 

I t  req u i res tha t  an app l ic ant app l y ing for an exemp t i on bear the 

burden of proof demons t r a t ing the need for such an exempt ion . 

The law unde r Sec t ion 2 1 2  of the Ac t s t a tes : 

• • • •  the Secretary sha l l ,  by orde r , 9rant a 

permanent exempt ion under th i s  subsect ion w i th 

respect to natura l gas or pe troleum, i f  he f i nd s  

t h a t  t h e  pe t i t ioner h a s  demons tra ted that de s p i te 

good f a i t h  e f for ts- - ( c )  the proh i b i t ions of 

subt i t le A cou l d  not be sa t i s f ied w i t hout v i o l a t i n g  

app l i c a b l e  env i ronme nta l r�q u i reme n t s  • • 

See response to comment by the Amer i can Ga s Assoc i a tion on the impact by other 
federal l aws and the cumu l a t i ve impact of federal pol i c i e s  ( p .  1 2-89 ) .  

See responses to comments by the U. S. EPA ( p .  1 2-9) a nd  Publ ic Service Electric 
and Gas Company (p.  12-124 ) .  

N I 
� 
W o 



Southern Cal i forn i a  Gas Company (conti nued ) 

The proposed E RA r u l e s  wh ich wou l d  imp leme n t  th i s  

n e c t ion o f  t h e  Ac t are even mo r e  s t r i nge n t .  

T � e re f o r e , i t  i s  d i f f i c u l t  to be l i eve th a t  the 

op t i m i s t i c a s s umpt ion rega rd ing e n v i ronme n t a l exempt ions w i l l  

hol d up over the te s t  of t i Me . SoC a l  recomme nds a more 

conser v a t i v �  assump t ion be used to de t e r m i ne env i r onme n t a l 

e x empt ions t o r  the cons t r u c t ion of coa l- f i red f a c i l i t i e s . 

I t  is c le a r  that not a l l  reques ts for exemp t i ons w i l l  be g r a n ted 

nor w i l l  a l l  coa l fa c i l i t i e s  i n  a non- a t t a i nment reg ion be 

e xempted . F u r t h e r , add i t ion a l  coa l use wh ich wou ld resu l t  f rom a 

more conse r v a t ive exemp t ion a s s umpt ion sho u ld be eva l ua ted i n  

r e l a t ionsh i F  t o  the to t a l  env i ronme n ta l impa c t s  brough t abo u t  by 

the increas£d use of coa l .  

T � e  D PE I S  h a s  fa i led to adequa te l y  cons i d e r  seve r a l 

n a t u r a l  gas option s .  The DPEI S shows mod e s t  energy r e p laceme n t  

goa l s  broug h t  abou t  through t h e  impleme n t a t ion of the fUI\ o f  1 . 4 

quads in 1 98 5  a nd 2 . 6  quads in 1 99 0 .  I nc r e a s ed prod u c t ion o f  

n a t u r a l  g a s  b y  t h e  y e a r  1985 may come c l o s e  t o  sa t i s f y i ng these 

goa l s .  Dr . S c h l e s inge r ,  i n  a s t a teme n t  be f or e  the J o i n t  Econom ic 

comm i t tee da ted J a nuary 2 3 ,  1 97 9 , remarked tha t :  

"The s teady rea l increase i n  the pr ice o f  new 

g a s  prov ided by the N a t u r a l Gas Po l i cy Ac t ,  

the prote c t ion aga i n s t  in f l a t ion , the more s table 

a nd pred i c table regu la tory and f i nanc i a l  env i r on-

me n t ,  the dereg u l a t ion of h i g� cos t  gas and the 

' l ig h t  a t  the end of th e tunne l '  f or produce rs 

s hould a f ter a trans i t ion pe r iod--ensure a h i gh 

r a te of dr i l l i ng ac t i v i t y  in the lower 48 s ta tes . 

w� . consequen t l y , expect that by 1 98 5  a n n u a l  lower 

4f prod u c t ion w i l l  be at leas t 2 t r i l l ion cub i c  

DO E  bel i eves i ts assumpt i ons to be real i st ic  and consi stent wi th a worst
case analys i s .  See response to U . S .  EPA comment ( p .  1 2-9 ) .  

See response to U . S . �PA comment ( p .  1 2-1 5 ) .  
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Southern , Ca l i fornia Gas Comp� (conti nued ) 

f ,' e r  above
, 

that __ h l ch ",ou l d  have pe r t a i ne<l i f  the 

N � t u r a l G a s  Po l i cy Act had not been enac te<l . "  

T h e  i n crease projec ted by [)() ,: may a l one sa t i s f y  the 

e n e r gy goa l �  o f  the fUA . 

F U r ther , the D PE I S  has f a i led to a s s ess adeq u a t e l y  the 
u s e  of coa l gas i f i ca t i on . The l ack o f  s e r ious co n s i d e r a t ion o f  
coa l g a s i f i c a t ion r u n s  cou n t e r  to one o f  t h e  ba s i c tene ts o f  t h e  
A c t .  The f l' l\  con t a i n :; as onl' s t a teme n t  o f  p u r pose - - "  ( 4 )  t o  the 
e x te n t  perm i t ted by th i s  Ac t ,  ta encourage the use ,of synth e t i c 
g a s  de r i ved f r om coa l  or other � l te r n a t i v e  f u e Ls . "  The D PE I S  
d i sm i s s e s  h i g h  BTU g as i f i c a t i o n  a s  not econom i c a l l y and/or 

techno l og i c a l ly fea s i b l e  by 1 9 9 0 . Th i s  a l t e r na t i v e  shou ld be 

eva l u a ted more e x t e n s i v e l y  compa r i ng the co s t  re l a t i o n s h i p s  

betw,ee,1' coa l gas i f ication and i n c r e a s ed d i r e c t  f i red u s e s  o f  

coa l .  Add i t i ona l l y ,  the env i ronmen t a l  t r ade- o f f s  be twee n t h e  two 

u s e s  of coa l shou l d  be con s i dered . 

S oC a l  respec t f u l ly urges DOE to eva l u a te more ca re f u l l y 
t h e  a l terna t i ves to the d i re c t  b u r n i ng of coa l by e x am i n ing the 
u se o f  gas d e r ived f r om coa i .  A l so ,  SoC a l  be l i e ves the 

e n v �ronme n t� l impa c t s  a r i s i ng f rom the i n creased use o f  coa l h a ve 
been op t im i s t i c a l ly unde r s t a ted a nd shou ld be re-eva l u a ted us i ng 

more rea l i s t i c a s s ump t i ons . 

Da ted : Febr u a r y  8 , 1 9 79 

Respe c t f u l l y s u bm i t ted , 

THOMAS D .  CLARK E 
JOHN S .  f I CK 

�
/ /'�/
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A o r neys

J :: : . fick 

Yoll th e r n  Ca I i t orn i a  G a s  Company 

The text  has been revi sed to state tha t h i gh-Btu gas is techno log ica l ly fea s i b l e  
b u t  i s  ass umed not t o  b e  a commerC i a l ly v iab l e a l terna t i ve by 1 990. 

Serious cons i de ra t ion was g i ven to l ow- and med i um- Btu gas i f i cat ion ,  a nd the 
env i ronmental  impacts a re descri bed in Sect ion 1 0 . 2 .  The fuel  choice dec i s i on 
wi th rega rd to an a l ternate fuel i s  up to the appl icant and wi l l  be made based 
on the most economical  a l terna t i ve .  The assumpti on of d i rect coal combus t i o n  
wi t h i n  t h e  impact analys i s  of t h e  E I S  presents a worst-case envi ronment 
a ssessment .  
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Standard Oi l Company ( I  .. diana ) 

Ronald J. Ganun --

February 8, 1979 
Office of Public Heariner Manaerement BOll WA 
Department of Energy 
ROOID 2313 2000 M Street , NW 
Washin(ton , D .  C. 20461 
Gentlemen : 

C_nts on OOE/EIS - 0038-D 

........ OII c...... C ....... ' 
200 hi' Ranctolph OrNe 
POI' Ofttce Boa 5910·.11 

i�2�No���;' 00680 
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Attached are the COllllllents of Standard O il  Company (Indiana) on this draft 
EIS . 

Very truly yours , 

��� 
RJG/eew 

Attachment 

C_tl of SlaDdard Oil Coapany (Indiana) 

on the Draft prorr_tic Environmental 

Impact Stat_ent Under the Fuel UN Act 

(OOEIEIS-0038-D) 

FoJlowinr are �t& by Standard Oil Company (Indiana) concerning 

this Environmental Impact Statement 

General Co.ments 

1 .  The EIS provides only a very broad overview of major first 

order environmental impacts . It indicates that many of theN 

islUU will be reaolved In implementiner the prorram through 

-' 
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2 .  

Standard Oi l Company ( Indi ana ) ( conti nued ) 

the statutory requirement that environmental regulations may 

not be violated and other exemptions applicable to various 

facilities for site-specific reasons . In effect ,  this approach 

dismisses many major environmental impacts . The proposed 

regulations do not , by themselves ,  guarantee that environ

mental issues will be resolved in specific cases where the 

FUA is applied . All iden tifiable first and second order impacts 

resulting from the implemen tation of the FU A should be pre

sented in the EIS along with an analysis of available tradeoffs . 

The EIS indicates in several sections that increased coal 

utilization resulting from the implementation of the FUA will 

be minor with respect to total coal usage. Relative impacts 

resultmg from the FU A are thereby considered to be minor 

and highly site- specific . In actuality , use of coal as a prime 

energy source has a greater environmental impact than does 

the use of any other fossil fuel. In effect ,  any action that 

results in a measurable increase in coal utilization should be 

expected to increase resulting environmental impacts to a 

measurable exten t .  By ignoring this fact, the present EIS 
is deficient .  

3 .  In most instances the E I S  defers the discussion and analysis 

of site- specific impacts to evaluations that will result. from 

implementation of the FUA at individual locations .  Many of 

the environmental issues discussed in the EIS were assumed 

to have little significance at the national or global scale . The 

corollary will not hold at the local level where any of a vast 

number of environmental issues could become significant .  A 

The prograll1l1a t i c  EIS  cannot "guarantee that env i ronmental i s sues wi l l  be resol ved 
in speci f i c  cases . "  Because eac h  i nd i v idual coal use  has d i fferent env i ron
menta l hurd l e s ,  a desc r iption  of a l l  the poss i bl e  confl i c ts cou ld  not be usefu l l y  
.1 i sted i n  the programmatic  statement. Overal l ,  eac h  fac i l  i ty for which  an 
exemption is sought can demonstrate the cost of env i ronmental compl iance and , i f  
i t  i s  excess i ve ,  can appl y for an  exemption o n  that bas i s .  

JOE b e l  i eves that coal  u s a g e  o a s  a greater env i ronme n t a l  i",p a c t  than any a l t e r
n a t i v e  fuel . -:-h i s  i s  t h e  reaSon c o a l  was chosen and the .ufo jec ted i nc re�ent 
due to FUA was a wor s t - c a s e  a n a l YS i s .  The £ I S  has exam i ned and h i gh l i ghted , 
at the n a t i o na l , re g i o n a l ,  a n d  s u b - s ta t e  l evel s .  the mea s urabl e produc t i on 
a n d  combus t i o n  impacts of i ncreased c o a l  "sege due �o the FUA program. 

N r 
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Sta n9ard Oi l CompaJ2l ( Indi ana ) ( cont inued ) 

4 .  

5 .  

6 .  

sensitivity for the site-specific criticality of several enviro n -

mental issues could be dealt with more satisfactorily by over

laying maps of coal supply/demand regions with PSD areas , 

non-attainment areas , and SMSA maps to identify those areas 

where. environmental impact would be most critical . The EIS 
should then address these areas . 

The EIS generally assumes tha t ,  because of environmental 

restriction s ,  the FDA will not require conversions in non 

attainment areas and that neW sources locating in such areas 

would not burn coal. However ,  most indus tries with boilers 

are located in such areas and if the Act is administered in 

such a way as to have
' 

'any discernible impact on coal usage, 

it would have to be applied to such areas . The environmental 

consequences would be significant in such areas and should 

be evaluated further in the EIS . 

The EIS does not assess the impact of consuming the available 

PSD increment by coal conversions .  For example , the docu

ment assumes that Coal Deman d Region VI will use high sulfur 

coal from the Midwest . This switch from relatively non-

polluting natural gas and oil will in the case of a large installation 

consume the entire increment in a given area, thus precluding 

any other industrial developmen t .  

The massive problems o f  sludge disposal have not been fully 

evaluated in the EIS . New waste disposal sites are politically 

unacceptable to many communities .  The costs will be signifi

can t ,  particularly in the case of legislation- such as the Resource 

Overl ays of PSD a reas and  non-attai nment reg i ons were used to produce Tabl es 5 . 1 2a and 5 . 1 2b ,  and the d i scuss i on i n  Sec t i o n  5 . 2 . 4 .  Any other i mpacts wou l d  be s i te-speci fi c ,  and wi l l  be addressed by the proper regu l a tory agenc i es before coal use beg i n s . 

See response to comment by U . S .  EPA,  p .  1 2- 9 .  

The text has been modi fi ed to further a s sess the potential  impact o f  the Act 
on non-attai nment and PSD area s ( see Sec . 5 . 2 . 4 ) .  

See revi sed Sec t i on 5 . 5 . 5 .  I f  adequa te waste fac i l i ti es are no t ava i l ab l e  to an 
MFB I as a resu l t of commun i ty oppos i ti on ,  e i ther the fac i l i ty cannot be operated 
or appl i cat ion for an exempt i on ( c os t ,  s i te l im i ta t i o n , and/or envi ronmenta l )  
can be made . See response to comment by the U . S .  EPA , p .  1 2-94 . 

N , 
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Standard O i l  Co!pany ( Indi ana ) ( conti nued ) 

Conservation and Recovery Act ( RCRA) which will probably 

treat sludge as a "hazardous waste" thus requiring special 

handling ,  disposal and site-protection . Further, water run 

off from sludge and ash pits , potential ground water contami

nation from sludge disposal and the impact of the Safe Drinking 

Water Act should be fully evaluate d .  

Specific Comments 

These comments are keyed to the appropriate sections of the ElS . 

1 . 2  

I .  3 . 1  

1 . 3 . 3  

The list of industries expected to b e  affected b y  the program 

is incomplete. Because of the small size boiler cut-off, nearly 

every industry will be affected . 

The assumption in the ElS that there will be no regional air 

degradation from the storage , processing and disposal of coal 

and wastes is invalid . EPA recognizes in its regulations 

( e . g .  PSD regulations) that fugitive emissions from such 

sources are significant . 

The ElS should also evaluate the impact of the program on 

the short term S02 standard . This impact will be far more 

significant than the annual average S02 calculations presented . 

This section neglects to indicate that water resource quality 

in Coal Supply Regions six and seven ( Coal Demand Region VllI)  

would be significantly impacted by surface mining operations 

in these states . Since water resources in these regions are 

limited in quantity , they do not have the capacity to absorb 

the impacts resulting from coal mining and use without 

resulting in a marked decrease in resource qUality . 

The i ssues of water runoff from s l udge and ash p i ts and potentia l  groundwater 
contami nat i on from waste d i sposal  a re d i scussed in Secti on 5 . 4  ( see in pa rticu l a r ,  
Sec . 5 . 4 . 5 ) .  Further eva l ua t i ons wou l d  requi re s i te-spec i fi c  informat i o n .  Each 
fac i l i ty wi l l  be requi red to comply w i th the Safe Dri nk i ng Water Act. 

The i ndustries affected by the program a re i ndeed more d i verse than those l i sted 
in the programmatic  statement . However , the i ndustri es l i sted are l i kely  to 
represent more than two-thi rds of boi l ers affected by the program. A l onger l i st 
may g i ve a m i s l eadi ng impress ion of which i ndustries wi l l  be faced wi th combust
i ng coa l . 

See response to comment by Cal i forn i a  A i r  Resources Board , p. 1 2- 24 .  

Vi o l a t i ons o f  short-term pol l utant standards are genera l l y  a l oca l phenomenon . 
The pred i ct i on of such v io l a t i ons i s  s i te-speci fi c ,  and wi l l  be addressed by 
other Federa l , S tate and Local regul a tory agenc i es i n  the i r  permi tt ing processes 
before coa l combusti on is a l l owed . 

The ma i n  text contains i nforma t i on on t h i s  subject ( see Sec s .  5 . 4  and 5 . 6 ) . 

N f 
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Standard O i l  Company ( Indi ana ) ( conti nued ) 

1 . 3 . 4  Presently proposed RCRA regulations would control the manner 

in which scrubber sludges are disposed . In general these 

regulations will be more restrictive than those presently in 

force and will result in increased difficulties and costs as

sociated with scrubber sludge disposal. Discus sion of these 

issues and how they impact the FUA is important to the as-

sessment of the program . 

1 . 3 . 5 . 1  Various regulations implemented as a result of the Clean Water 

Act Amendments of 1977 , the Coastal Zone Management Act , 

and RCRA will make disposal of coal mining , cleaning , and 

combustion residues in wetlands impossible . 

1 . 3 . 7  The projected casualties associated with coal extraction are 

based on insufficient data . Selection of one year's statistics 

for making future predictions is poor methodology in an 

industry having the highest annual average casualty statis

tics of the entire U .  S .  labor force . Furthermore , these 

casualties result from discrete events (major and minor 

accidents) which occur on a random basis in time but are 

known to be a function of production levels . That is , their 

frequency of occurrence is likely to increase with production . 

A more statistically valid approach for predicting future 

casualties would be based upon trend analysis of several 

years of casualty data under present safety regulations 

weighted (based) to production levels . This would mini

mize the possibility of underestimating future casualties 

when one year's data (in which there were no major U .  S .  

accidents) is used as a statistical basis . 

See Standard Oi l General Comment 6 .  

The text has been mod i fied to i nd i cate that federal regul a t i ons wi l l  mi t i gate the 
impacts of was te d i sposal upon wetl ands ( p .  1 -8 and p. 5-55 ) .  

The 1 973 casua l ty rates for coal extrac t ion a re reasonab l e  and representati ve 
estima tes o f  the recent U . S .  coal i ndustry i nj ury experi ence . An u nderl y i ng 
assumpti on i n  the analys i s  of a n t i c i pated i nj u r i es i n  the coal i ndu stry i n  the 
future , as  presented in Sec t ion 5 . 9 . 1 ,  i s  that the 1 973 rates hol d  for future 
mine experi ence . Such an assumpt i on shou l d  be vi ewed as  conserva t i ve s i nce i t  
does not take i nto account future advances i n  m i ne safety and au tomation  tha t 
w i l l  reduce the l evel of human exposure to mi ne hazards bel ow that of the 1 973 
l evel . As a trend ana l ys i s  based on a decl i ni ng i nj ury rate coul d  show a near
zero rate a t  some future time whi c h  is desi ra b l e  but probably unrea l i s t i c , i t  
was deci ded to use the 1 973 rate a n d  therefore a worst case . The deci s i on was 
therefore made to go wi th a representa t i ve l evel of i njury experi ence . 

N 
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Standard Oi l Company ( Indi ana ) (conti nued ) 

Table 1 .  5 A close reading of this table reveals that the negative impacts 

far out weigh the positive impacts of the program . The posi

tive impacts are very general, cannot be quantified ,  and may not 

occur even if the program is successfully implemented . For 

example, the balance of trade is a measure of imports vs . 

exports . If imports of commodities other than oil are increased 

in the future while exports remain the same or decline , the 

balance of trade will not improve regardless of the Act. 

Similarly , the strength of the dollar is probably so much 

more dependent on the conduct of U .  s .  foreign relations 

that the FU A will have no impact at all . 

Another "positive" benefit is described as "the encourage

ment of use of advanced coal combustion technology . "  

However, this is not a positive impact from the Act bu t 

merely a necessary result of the coal conversion program . 

Without the Act, the use of the technology would not be 

necessary at the locations covered by the Act. 

The EIS has not demonstrated how the implementation of the 

FUA would significantly decrease the likelihood of oil spills 

in the short term. To draw this conclusion one must analyze 

the frequency of occurrence of spills as a function of volume 

and mode of transport . Estimated decreases in oil consump

tion resulting from implementing the FUA would then have 

to be disaggregated according to transport mode to determine 

what reduction in spill occurrence , if any, would result 

(see also 2 . 3 . 1 ) .  

The i nterpretation o f  Table 1 .5 by Standard O i l  i s  one that can be made, but i s  
based o n  a prognos i s  o f  future economic condi tions and a spec if ic  v i ew o f  how 
nati onal pol i cy should  be d i rec ted . However, DOE sti l l  concurs with i ts own 
i nterpretati ons . 

DOE consi ders the encouragement of advanced coal combustion technology to be a 
pos i t i ve benefi t of the FUA , whether add i ti onal i ncentives are prov i ded or not .  

The benefi t  from reduced oi l spi l l s  was consi dered "mi n ima l "  and consequently 
an el aborate model of o i l  trade was not consi dered necessary to permit  reach i ng 
a conc l us i on.  Oi l spi l l s  are l ess a func tion of o i l  vol ume i n  trade than the 
frequency and natu re of o i l  transfer operat ion s .  N o  c l a ims o f  a benefi t are 
made about avoi dance of a catastrophi c  acc i dent , because the o i l  users affected 
by the program are not now rec i p i ents of huge vol umes of oi l .  The statement on 
page 2 . 3- 1  rega rd i ng the benefits of the program has been qua l i fied .  

N I 
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Standard O i l  Company ( Indi ana ) (conti nued ) 

2 . 4  

On the other hand, the negative impacts are significant ,  

highly visible , quantifiable and site-specific . Increased 

particulates and SO 2 will be discernible to the citizen living 

near the converted facility as he views smoke where there 

previously was none , and as acid rain falls . Increased solid 

waste and scrubber sludge will be disposed of relatively 

near the industrial activity which is usually near the 

communities of those who work there. Increased use of 

water is highly significant in some western states . Increased 

costs to the consumer are particularly· important during 

these inflationary times . 

The Table further assumes that impacts due to coal-related 

labor strikes will be minimal. In the 1930's when the U . S .  

was very dependent on coal, strikes by coal miners had a 

significant impact on the operation of steel mills and power 

plants and were a factor in the ready acceptance of oil and 

gas as alternate fuels . The largely automated oil and gas 

industry , however, is for less vulnerable to even national 

labor strikes .  The effect of railroad labor problems should 

also be listed as a negative impact . The recent 1978 

railroad strike indicates that such problems have not gone 

away . 

EPA is currently developing NSPS for industrial boilers . 

These regulations will have a significant impact on the environ

mental viability of implementing the FU A and the cost of 

compliance . At present , EPA and DOE appear to be pro-

posing regulations without communicating their respective 

goals and coordinating their activities . Closer inter

departmen tal communication appears to be essential in this 

area . 

Genera l l y ,  the benef i ts from FUA are econom i c  and s trateg i c . The conc i us i on 
drawn by ERA is that the FUA makes a pos i t i ve and cos t-effective contri buti on to 
reduc i ng the rel i ance on foreign petrol eum with acceptable  envi ronmenta l impacts . 
W i th proper pol l ution control technol ogy and regul atory enforcement ,  the envi ron
mental impacts of the program are expected to be l imi ted . Part i cul ates and SOx 
emi s s i ons wi l l  not be any more v i s i b l e  than emi ss ions from oi l -fi red bo i l ers . 
Ac i d  rai n  may i ncrease s l i ghtly i n  certa i n  sections of the country, but i s  not 
expected to be a s i gn i fi cant problem nationa l ly ( see Sec . 5 . 3 . 2 ) . The other 
probl ems presented are addressed in Section 5. The i nflat i onary costs were found 
to be m i n i ma l . 

Tabl e  1 . 5 has been amended to i nc l ude ra i l road stri kes as wel l  as mi n i rig . The 
tab l e  was not meant to be restri ctive .  

EPA and DOE are cooperati vely devel op ing the regu lat ions affect i ng the two 
agenc i es .  
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Standard O i l  Company ( Indiana ) (conti nued ) 

3 . 2 . 4 . 3  The exemption from regulation of those boilers not designed 

to burn coal is not borne out by draft regulations published 

in the Federal Register , November 1 7 ,  1978, which require 

that an operator demonstrate that a fuel switch to coal is 

technically infeasible before an exemption can be granted . 

3 . 2 . 5 . 2  While this analysis assumes that facilities in nonattainment 

areas would be exempt from the FUA , the proposed regula-

tions would require an installation to demonstrate that needed 

offsets would be too expensive to obtain , making the fuel 

switch to coal economically infeasible . 

4 . 2 .  1 . 5  & Since the C to H ratio is greater for coal than for any other 

5 . 3 . 1  widely used fossil fuel , the amounl of CO2 
formed per pound 

of fuel burned is greater for coal . Any adverse climatic effects 

resulting from increased atmospheric CO
2 

levels would there

fore tend to be exacerbated by increased coal utilization under 

FUA . 

5 .  I .  2 . I This section overlooks the fact that coal slurry pipelines have 

5 . 2 . 4  

to date largely been opposed o n  environmental grounds . Major 

anticipated environmental impacts resulting from implementing 

this technology include water resource depletion at the coal 

sources.  interbased transfer of major water supplies , and 

cffluent disposal problems in the coal using areas . 

S02 emissions offset purchases in PSD and nonattainment areas 

will most probably be very difficult to obtain . Since offsets for 

a particular pollutant must be obtained in kind , the major 

The assumpti ons i n  Sec t i on 3 . 2 . 4 . 3  reflect  mode l i ng analys i s ,  i ncl udi ng the 
assumpti ons that the ex i s t i ng bo i l er uni verse wi l l  not be a pprec i a b l y  a ffected by 
the FUA , for the reasons deta i l ed in the sec t i on . Any bo i l ers that wou l d  not be 
i n  comp l i ance wi th t h i s  assumption are projected to be so few in number tha t 
the i r  i mpacts wou l d  not noticeably a ffect the worst-case analys i s  descri bed i n  
the E I S .  

See previ ous comment .  

The text has been mod i fied t o  further d i scuss the potent i a l  impact o f  the Act on 
the gl obal CO2 budget ( see Sec . 5 . 3 . 1 ) .  

Due to the uncerta i nties  i nvol ved i n  the prospects o f  coal s l u rry p i pel i nes , the 
FUA E I S  d i d  not d i scuss deta i l s  of this  spec i fi c  coal transportation mode except 
a general economic  cons i deration  among the a l ternat i ve modes of coal transporta
tion . Howeve r ,  the i ncremental coal demand from any g i ven reg i on as  a resul t of 
the proposed act i on wou l d  not be l arge enough to affect s i gni fi cantly the pros
pects of coal transporta t i on by s l urry pi pel i ne .  

Emi ss i on off-sets for the po l l utant exceeding ambient s tandards wi l l  be obtai ned 
from exi s ti ng sources in the non-attai nment area . Many non-atta i nment regi ons 
are presentl y  heavi l y  i ndus tri a l i zed , wi th a l arge number of reduc i b l e  po l l ut ion 
sources . I n  non-atta i nmen t  reg i ons where a s i ng l e  l arge emi tter i s  the primary 
source of the pol l utant of i nteres t ,  off-sets must be obtai ned from that source .  

'" I 
-"> 
o 



Standard Oi l Compa� ( Indi ana ) ( conti nued ) 

sources of the offsets for most AQCR's will be powerplants and 

MFB I ' s .  Only AQCR's containing smelters and sulfuric acid 

plants will be able to spread the availability of potential 

offsets over a wider industrial base . 

5 . 4 . 1 . 1  & One geographical area where there is significant potential for 

5 . 4 . 1 .  3 impact under the FU A is the Northern Great Plains . Although 

it has not been mentioned in the EIS , Northern Great Plains 

5 . 5 . 1  

5 . 6 . 1  

rangeland has limited hydrological capacity . Under the F U  A 

this rangeland would become a major coal supplying region . 

Any major disruption of the existing hydrology could render 

rangeland unrestorable and result in irreversible environ-

mental damage . 

The EIS mentions that the railroads plan to add coal hauling 

capacity in the future . There is no quantitative information 

presented to assure that sufficient coal hauling capacity will 
be available in the future . This is very important since 

approximately 70% of the coal is moved by railroad . If it 

is assumed that barging on waterways will increase, this 

method could be limited during severe winters by ice , 

particularly in the highly populated northern and north-

eastern parts of the country . 

This section fails to discuss the impacts resulting from culm 

and coal waste piles . In addition to aesthetic problem s ,  

there are impacts resulting from acid run-off, and odor 

and health problems caused by the release of S02 and 

H2S . There is also the possibility of wide-spread fires in 

the piles and underground. 

In any l ocation , emi s s i on reduc tions wi l l  come from ex i s t i ng sources affect ing 
the non-attai nment area . Obta i ni ng off-sets from these source� , requi red before 
coa l combustion beg i n s ,  wi l l  be based on the c r i teria deemed most i mportant by 
the management of the new source.  

The general prOblem of  rec l amation on rangel and in  the Northern Great P l a i ns i s  
recogn ized i n  Sec tion 4 . 4 ,  a l though the l i mi ted hydro l og i ca l  capac i ty i s  not 
mentioned spec i f i ca l l y .  As is noted in th is  section , careful eva l uation of 
recl ama tion potenti al  is needed prior to permi tti ng of coal extraction . 

The coal haul i ng capac i ty ava i l abi l i ty i n  the future wi l l  be heavi l y  dependent 
on the coal demand pattern , envi ronmental regul ations , fi nanc i a l  cl imate and 
rate dec i s ions ( see Comments 1 and 7 ) .  The rai l roads have i nd i cated tha t the 
problem of assurance of capac i ty is not a phys i cal  constra i n t  but a fi nanc i a l  
probl em .  Section 803 q t i t l e  V I I  of  FUA authori zes add i ti onal  amounts for ra i l 
road rehabi l i tation . 

T h i s  section does address impacts of coa l waste upon nonhuman biota .  The pos 
s i b l e  effects of ac id  a nd a l ka l i ne runoff , l each i ng of trace el ements , s pon
taneous combustion , and sedimentation upon both terrestria l  and aqua tic  bi ota are 
d i s cussed on pages 5-46 through -51 . Impacts on humans a re addressed i n  
Sec tions 5 . 8 . 1  a n d  5 . 9 . 1 . 

Regu lat ions perta i n i ng to proper d i sposal of culm and coal wa ste pi les  have 
been promul gated for the Surface M i ne and Control Act of 1 977 ( Fed . Reg . 
44 ( 50 ) : 1 53 1 1 -1 5463 ) .  
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Econom i c  Reg ulatory Adm i n i s t r ation 
U. S. Dep t .  of Energy 
Room , 720 2 ,  2000 "M" Street , N . W  .• 

Was h i ngton , D . C .  20461 
BY HAND 

Atter:ttion: Mr . Stephen A .  Frank 

Re : DOE/EIS-0 0 3 8 -D 

Gentleme n :  

Our f i rm represents Flor ida Powe r , Light Company , 
(FPL) , on whose behalf we are submi t t i ng these comme nt s .  We 

have rev iewed your Draft Progr ammat i c  Env i ronmental Impact 
Sta tement ( Draft EIS) w i th respect to the Economic Regulatory 
Adm i n i s t r a t i on ' s  (ERA) proposed regulat ions issued under the 
Powe rplant and Indu s t r i al Fuel Use Act of 1978 (FUA) . 

The Draft E I S  focuses on the impact that conve r s ion to 
coal or alter nate fuels w i ll have on the envi ronment in 1985 and 
1990 . It ignores completely the mate r i a l ly adverse impact that 
ERA ' s  proposed regulat ions (43 Fed .  Reg . 5 4 9 1 2 ) w i l l  have on the 
envi ronment pr ior to those t i me s .  

The Draft EIS i s  based o n  a false premi s e .  Under 
Section 3 ent i tled "Fue l Convers ion Analy s i s  Methodology· at 
page 3-1 of the Draft EIS i t  i s  stated : 

[ 1 ) 

[ 2 )  

The energy impact analy s i s  methodology descr i oed 
in t h i s  sect ion was designed to forecast the level 
of i ncrease in the use of coal and alternat i ve 
fuels in e x i s t i ng and new faci l i t ies as a d i rect 
result of the fuel conve r s ion regulatory program 
resu l t i ng from the regulat ions ind icated i n  
Section 2 .  

Nea r ly all of t h e  impacts of t h e  program w i l l  
occur i n  t h e  i ndu s t r i a l  sector • 
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Steel . Hector & Da v i s ( conti nued ) 

[ 3 J 

[ 4 J 

[ 5 J  

[ I J  n c r e me n t a l  coal use EJ' u t i l i t i e s  d u e  t o  the 
prog r am i s  a s s umed t o -oe i n s ig n i i i c a n t  . .  
[ Emph a s i s  Suppl i ed . J  

Ex i s t i ng u t i l i t i e s  w i l l  no t be a f fected by the pro
posed a c t ion b e c a u s e  they h a ve been eva luated for 
conve r s i o n  to coal �ncer the Ene r g y  Supply and En
v i r onme n t a l  Coo r d i n a t ion Ac t o f  1 9 7 4  ( ESECA . . . .  

I n  o t h e r  wo r d s , the requ i r eme n t s  o f  the S y s tems 
Compl i a nce Op t j �n w i l l be met even w i thout p a s s a g e  
o f  the FUA . I t  i s  a s s umed t h a t  no add i t i o n a l  coal 
use w i l l r e s u l t  f r om t h i s  prov i s i on . 

A l l  f i ve of these s t a teme n t s  a r e  inco r r ec t .  

I f  ERA ' s  i mpleme n t i ng r e g u l a t i o n s  ( 4 3 Fed . Reg . 5 4 9 1 2 )  
( t he " Re g u l a t ions " )  und e r  the FUA had fol lowed the FUA t h e  
s t a tem,e n t s  would h a ve been cor r ec t . For the p u r poses o f  i t s  
a n a l y s i s  the Dr a f t  E I S  de f i ne s  " new f ac i l i t i e s "  a t  page 1 - 2  a s  
" t hose wh i ch corne on- l i ne a f te r  1 9 8 0 . "  Howeve r ,  t h e  Reg u l a t ions 
t r e a t  f ac i l i t i e s  wh i c h we r e  not " op e r a t ional as o f  Apr i l  2 0 ,  
1 9 7 7  a s  " new . '1 

A c l e a r  ex amp l e  of ERA ' S  s l e i g h t -o f -hand be twe e n  i t s  
D r a f t  E I S  and i t s Reg u l a t ions i s  shown b y  the t r e a tment o f  t h r ee 
o f  FPL ' s  powe r p l a n t s . Put nam 1 and 2 a r e  p r e s e n t l y  ope r a t i o n a l . 
They w e r e  not ope r a t i onal on Apr i l  2 0 ,  1 9 7 7 . Ma r t i n  1 w i l l 
become ope r a t i onal in 1 9 8 0 . All t h r e e of these powe r p l a n t s  a r e  
" e x i s t i ng "  u n d e r  the D r a f t  EI S ' s  de f i n i t ion o f  e x i s t i ng ( D r a f t  
E I S  p . 1 - 2 )  b u t  " new " und e r  the Reg u l a t i o n s  t r e a t me n t . ( Se e  
l e t t e r  o f  Mr . B a r ton R .  H o u s e  o f  ERA t o  M a r s h a l l  McDona ld o f  F P L  
rece i ved by FPL on Dec . 2 2 ,  1 9 7 8 )  S i nce they a r e  " e x i s t i n g "  s o  
f a r  as t h e  D r a f t  E I S  i s  conce r n ed , t h e  e f f e c t  on the e n v i r o nment 
of conve r t i ng t h e s e  un i t s  to coa l  was no t cons i d e r e d . These 
t h r ee u n i t s ,  along w i t h  Ma r t i n  2 wh i ch w i l l  come on l i ne i n  
1 9 8 1 , we r e  a l l  e x empt unde r ESECA because they we r e  beyond the 
e a r l y  p l a n n i ng proce ss . If they were e x e mpt f rom t h e  r e q u i r e 
men t s  o f  ESEC A ,  t h e y  we r e  no t e v a l u a ted f o r  conve r s ion t o  coa l  
u n d e r  ESEC A .  

W e  a r e  i n formed t h a t  app r o x i ma t e ly 2 4  o i l - and g a s - f i r ed 
s te am e l ec t r i c  g e ne r a t i ng u n i t s and approx i m a t e l y  65 comb i ne d 
c y c l e  a n d  combu st ion tu r b i ne un i t s  h a v e  bee n  c l a s s i f i ed by ERA 
as be i ng " new . "  Ten of t h e se u n i t s a r e loc a t ed w i th i n the s t a t e  
o f  F lo r i d a .  Unde r ERA ' s  proposed r e g u l a to r y  scheme u n l e s s  a n  
e x empt i on c a n  b e  o b t a i ned , b e f o r e  M a y  9 ,  1 9 7 9  ( i )  those un i t s  
ti tat d L E:  ope l a t i on a l  w i l l have t o  b e  s h u t  down : ( i i )  those unde r 
cons t r uc t ion w i l l  have to cease cons t r u c t ion and ( i i i )  a l l  w i l l  
h a ve t o  conve r t  t o  coa l or a n  a l t e r n a t i ve f ue l .  These u n i t s  
r e p r e s e n t  many thous ands o f  meg awa t t s  o f  e l ec t r i c  gene r a t i n g  
capac i t y .  W e  do n o t  b e l i e ve t h a t  t h e  D r a f t  E I S  p r e p a r ed i n  
connec t i on w i t h ESECA con s i d e red t h e  mate r i a l adve r s e  impact 
that conve r t i ng t h e se u n i ts to coal would h a ve on the n a t i o n ' s  
env i ronme n t . I n  add i t ion , and mo r e  s i g n i f i c a n t l y ,  t h e  D r a f t  E I S  
d i d  n o t  con s i d e r  the e f f ec t  wh i c h  conve r t i ng the 1 0  un i t s loc a t ed 

DOE has not c l a s s i fi ed any u n i t s  a s  b e i n g  n ew .  The  a s sumption i s  that al l 
u n i t s a re con s i dered new u n l e s s  they app ly  for a c l a s s i fi ca t i o n  as an ex i s t i ng 
fac i l i ty .  At that po i n t ,  a determ i na t ion  w i l l  be made a bout  whether the u n i ts 
a re new or e x i s t i n g .  I n  the a bsence of spec i f i c  i n fo rma t i o n ,  such determ i nat ions  
cannot be made .  

N I 
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Steel Hec tor & Dav; s  (cont; nued ) 

i n  Flor ida would have on Flor i da ' s  env i ronment . The immed i a t e  
a n d  adverse impact that conve r s ion of t h e  u n i ts would have on 
the envi ronaent was not cons idered in the Dr a f t E I S .  Had the 
Reg u l a t ions followed the i ntent of Congress and the pla i n  
language of FUA, the D r a f t  E I S  would be adequate . The Regula
t ions , howeve r ,  far exceed the language of FUA and at tempt to 
force many add i t ional elect r ic gene rat ing u n i ts to convert to 
coa l .  The D r a f t  EIS does not suppor t ERA ' s  a t tempt at over
reach i ng .  

Statement ( 1 )  i s  incor rect i n  tha t  the ana lys i s  method
ology was not des i g ned to ( and does not) forecast the level of 
i ncrease i n  the use of coal i n  e x i s t ing and new fac i l i t ies as a 
d i rect r e s u l t  of ERA ' s  regu latory prog r am .  In fact , i t  s i mply 
ignores ERA ' s  a t t empt at forced conve r s ion of many thousands of 
megawats of capac i t y  not called for by the FUA. 

Statement ( 2 )  i s  incor rect because it ignores the 
Reg u l a t ions' e f fect on the u t i l i t y  i ndus t r y .  

Statement ( 1 )  i s  incor rect because i t  ignores the 
m i l l ions of tons of coal that must be m i ned , t r anspor ted and 
consumed annua l l y  by the powe r plants that were not "ope r a t ional" 
on Apr i l  20 , 1 9 7 7 , and are therefore " new" under the Reg u l a t ions . 

Statement ( 4 )  is incorrect because no eva luat ion was 
made unrler ESECA for the power plants class i f ied as "new" under 
the Reg u la t ions . 

Statement ( 5 )  is so out of pl ace it does not even 
dese r ve commen t .  

The Dr a f t  E I S  tot a l l y  ignores the impact o n  the envi ron
ment of the Reg u l a t ions . I ts ent i re prem i se i s  f lawed; it is 
hope l�ssly i nadequate under Section 1 0 2 2 ( c )  of the Na t ional 
Env i ronmental Pol icy Act .  

-���::-
Th:�E ��� 

DOE bel ieves that the E I S  model i ng and a na l ys i s  accurate l y  forecast the l evel of 
i ncrease in the use of coal in new and e x i s t i ng fac i l i ties . 

See responses to comments by U . S .  EPA ( p .  1 2- 1 0) and Cal i fornia Energy Commi ss i on 
( p .  1 2-33) . 

The statement refers to the powerplants that wou l d  be consi dered new and converted 
under the FUA. The ut i l i ty i ndus try forecasts i nd i cate that coal w i l l  be heav i l y 
used for the genera tion of el ectric i ty ,  but th i s  wi l l  not be the resu l t  of the 
FUA but , rather, wou l d  have occu rred wi thout passage of the FUA. 

See responses to comments by U . S .  EPA ( p .  1 2 - 1 0 )  and Cal i fornia Energy Commi s i on 
( p .  1 2-33 ) .  

See response to comment by Ca l i forn i a  Energy Commi s s ion ( p .  1 2-33 ) .  
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Un i on O i l  Company of Ca l i forn i a  

Memorandum 
Ur1l01'1 OJ\ Compln.,. of Clh;OI'I'II .. 

UD1lI®n CPE- 2 4  

February 1 2 ,  1 9 7 9  

To : gembers o f  the FUA Task Force 

From: John L .  "'"'Of 

UNION COMl'IENTS TO DOE ON THE 
ENVI RONMENTAL IMPACT STATE�£NT 

(EIS)  FOR FUA 

Attached !or your informa t ion are our comments on the Draft 
Prograr.r.atic EI S .  Comments were due to b e  submitted by 
February 9 .  

. 

Union co��ents on the regulations in general will be presented 
at a hear ing in Tampa , Florida on February 21 or 2 2 .  You will 
receive a draft for your comments by the end o f  this week.  

JLR : ec 

Attachment 

COMMENTS ON 
THE DRAFT PROGRAMMATIC ENVIRON�IENTAL IMPACT STATE�£NT 

FOR THE REGULATIONS IMPLEMENTING 
THE POWERPLANT AND INDUSTRIAL FUEL USE ACT OF 1 9 7 8  

( DOE/EI S - 0038-0) 

UNION OIL COMPANY OF CALIFORNIA 

FEBRUARY 9 ,  1 9 7 9  

The Union O i l  Company o f  Cal i fornia hereby o ffers comment o n  

the Dep�r�ent o f  Energy ' s  (DOE ' S ) Draft Prograrr�atic Environmental 

Impact S tatement (EIS) for the regulations implementing the Power

plant and Ir.dustrial Fuel Act of 1 9 7 8  (FUA) . 

'" I 
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Un fon Ofl  Company of Ca 1 1 fornfa (contf nued ) 

As a general comment, Union feels that the EIS and the various 

sets of FUA regulatory proposals that have been published to date 

are almost totally unrelated. While the EIS is based upon the FUA , 

the regulations show almost no connection with that act. Therefore, 

since the EIS purports to be applicable to the re�lation s ,  it is 

inadequate in its assumptions , its analyse3 , its intent and its 

conclusions. As a result of this "disconn�ct" between the EIS and 

the regulations, we feel that the entire regulatory scheme as pro

posed to date should be redone and brought more closely into line 

with the FUA law itself ,  the intent of the act as demonstrated in 

the Le�islative History, the assumptions underlying the EIS (as.ump-

tiona provided by DOE ' s  Economic Regulatory Administration (ERA) , 

and with the EIS itself. Once the regulations have been completely 

restructured along thOse lines , thereby approaching the requirements 

of the National Environmental Protection Act (NEPA) , implementing 

regulations set forth � the Pres ident ' s  Council on Environmental 

Quality (CEQ) , Presidential Executive Order 1 1 2 04 4  concerning 

regulatory impacts , and the Administration ' s  stated desire of 

bringing inflation under control , then a final EIS should be pub

l ished and the remaining formal procedures followed to the point 

where the FUA regulations can be implemented . 

The following cOllllllen·ts are offered within the context of our 

overall concern about the "disconnect" and the accompanying regula-

tory excess .  

NEPA and its implementing regulations have not been 

superseded by the FUA, and NEPA and .those regulations 

See response to comment by Dow Chemi cal , p. 1 2-1 1 7 .  

N I .... 
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Union Oi l Company of Cal i fornia (conti nued ) 

·impose the requirement o· federal agencies - inclllding 

the ERA - to complete a final EIS and to aHow thirty 

(30) days for pablic comment on the BIS before tm

IIl�tiDg the refJ\ll.&tions . III the words of thia 

EIS , "� prillCipal objective of NEPA ia to build into 

.the agency dec:iaion-making process an appropriate and 

carefUl cOMi4eratioll of eftvirolllllental aspects of 

proposed actiona . "  Despite that clear objective and 

nquir_t tile EItA iaslled on Rov4llllber 1 6 ,  197 8 ,  and 

.ad. effective as of that date , Interim Regulatiolls 

iapl_ting the POll.. Those Interim Regulations re

quired, and established procedures fpr , certification 

by ERA of ·transitional facilities" as either new or 

_iatiDg under the FUll.. The Interim Regulation and 

certification procedures can have profound effects on . 

certain facilities that will be classified as ·new" 

and thereby forced to burn coal or go through a long , 

expensive , redundant and probably unnecessary exemption 

procedure. REPA and Council on Environmental Quality 

regulations are being ignored if the implementation of 

these regulations takes place before issuance o f  the 

final EIS . The DOE similarly ignored applicable law 

and regulations in the ERA issuance (January 5 ,  1 9 7 9 )  

and implementation of the Special Rule for Temporary 

Public Interest Exemption (SRTPI) . 

The Draft Programmatic EIS does not accurately assess 

the impacts that could result from implementation of 

the FUll. regulations as proposed . While the EIS summary 

Regulations wi l l  not be fina l i zed until  the NEPA EIS process is complete. 

..... 
N I ..... 
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Union Oi l Company of Cal i forn i a  (conti nued ) 

claims that "maximum substitution o f  coal was as sumed 

in the analyses by systematic overstatement • • • •  • the 

actual case is one of enormous understatement in the 

EIS .  , The basic reason for the inaccuracy is that the 

EIS is based upon the act and upon reasonable assump-

tions related thereto , whereas �he regulations are not. 

These stringent, broad , vague and unreasonable regula-

tions differ so s igni ficantly from the law and its 

in'cent and provisions , that the basic assumptions of 

the EIS are incorrect and �njust ified . Union will 

present more detailed comment upon the regulations 

at one of the public hearings scheduled :or that pur-

pose . For noW', a few examples of the IIdi sconnect" 

between EIS and the FUA regulations should demonstrate 

the point:  

The E I S  clearly states as one of its  basic 

a s sumptions that there will be no conver

sions
'

C to coal or other a lternative fuel ) , 

in nonattainrnent area r. ,  and further , that 

environmental exempt ions wi ll be available 

or even auto�atic in some cases . The FUA 

regulation s ,  however , i�pcse the same re-

quirements in nonattainment areas as else-

where, clos ing the Catch- 2 2  loop by requiring 

an EPA Final Determination for re j ection be-

fore DOE wi ll con s ider environmental exemptions . 

This particular di sconnect defies logic , re-

quires months of wasted time, wi l l  cost con-

sumers and industry mil l ions o f  dOllars , and 

See response to comment by U . S .  EPA ( p .  1 2-9)  and Ca l i forn i a  Energy Comm i s s i on 
( p .  1 2-27 ) . 
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�ni on Oi l Company of Cal i forn i a  (continued ) 

vill serve largely to slow both EPA and DOE 

in whatever work they should be doing. Further, 

DOE will collect excessive applicatic� fees for 

the unnecessarily generated applications for 

exemption. 

The EIS ass��es (as the law mandates) that utility 

boilers and �SBI ' s  covered by the regulations will 

be single units o f  100 million BTU per hour input , 

or aggregations of 2 5 0  mil l ion BTU per hour . The 

regulations as they first came out (as applied to 

"New Facilitie s " )  were �ritten to cover all units 

of 50��TU or larger . Subsequentl y ,  the 

"Existing Fac i l ities" regulatory proposal 

has withdra,.m the .5 0Ml-:BTU minimum, ar.d pro-

poses to have no min imum for new or existing 

fac i l ities . Furthe r ,  Table 1 . 1  ( footnote b) 

explains the EIS a s sumption that "New units 

are those co;:ni:lg on l ine in 1 9 8 0  anc a f"ter • • . tI , 

whereas the regulations actua l lY reach back i n  

time t o  el iminate u n i t s  t h a t  would otherwise b e  

cons idered " existing " ,  Thus a l l  a s sunptions i n  

the EIS about s i z e  and time/exi s tence o f  units 

are inva l id and greatly understated . Clearly 

this contravention o f  the wi l l  o f  Congress and 

expans ion o f  the regulatory coverage is extreme 

and ridiculou s .  Just as c learlY , it means that 

a l l  the figures for coal demand , oil and gas 

demand , price impac t ,  land use , emission s ,  water 

See response to comment by Cal i fornia Energy Commi ssion ,  p. 1 2-27. 

See responses to comments by U . S .  EPA ( p .  1 2- 1 0 )  and Cal i forn i a  Energy Com
mi ss ion (p .  1 2-33 ) .  

...... 
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Uni on Oi l Company of Ca l i forn i a  (conti nued ) 

quality, transportation , mining deat�s , general 

mortal ity and morbidity and everything else con-

sidered in the EIS are wrong , probably by orders 

of magnitud e .  This means that the regulations 

themselves may be invalid because they so far 

exceed the law and tha t ,  as a result , that the 

EIS is inadequate . 

The EIS does not consider ot�er l egislation that 

effects the FUA, and vice-ver s a .  For example ,  

the price effects o f  the Natural Gas �ct on both 

supply and demand are nowhere considered although 

they will definitely weigh in every calculation 

connected with the FUA. In addition,  the Energy 

Tax Act provisions for tax credits for use o f  

alternative fuel s mes h  neither with the FUA pro-

visions and definitions nor with the EIS . CEQ 

regulatio�s require that these and other such 

legal and regulatory ef fects be considered . The 

Energy Tax Act and the Na �ural Gas Act are both 

parts of the National Energy Act� as is the FUA. 

S ince neither of those was considered in the FUA 

EIS ,  there is Some question as to how many other 

relevant items were omitted . 

�he ERA has asked for comments on the inc lusion 

of California heavy c rude among the definitions 

o f  alternate fue l s .  T h i s  i s  nowhere considered 

in the EIS , which simple assumes that all oil 

" saved" under FUA would be imported oil .  

See response to comment by U. S .  EPA, p .  1 2 - 1 5 .  

See response to comment by American Gas Assoc i ation , p .  1 2-89. 

See response to comment by U . S .  EPA, p .  1 2- 1 5 .  
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Iloioo Oil COmpany of Cal iforni a  (conti nued ) 

The present DOE policy encourages the use o f  

natural g a s  through the SRTP I . This pol icy in

va l idates the EIS a ssumption that "one of the 

significant pos itive impacts of the FUA is in-

creased flexibil ity in d ec is ion s regarding natural 

gas curtailrnen t �  • .  � 

The EIS f a i l s  to consider , or even make �ention 

o f ,  the potential impac ts o f  the FUA regulations 

on sub- federal regions d e spite the fact that s ome , 

including the state of Cal i fo r n i a , "ould be 

ser iously and negat ive l y  e f fected by the regula-

tions . 

The EIS seems to as sume that one " s i t e "  would have 

some logical b a s i s . The regul a tions , however , 

would say that any bu rners "ithin a l O-r.lile rad ius 

of any other ( regard l e s s  o f  own ership) could be 

grouped together for purpo s e s  of regul�tory cover-

age . The comb ination of the " I O-mile radiu s "  

prov i s ions and the " no min imum BTU input " prov i -

s ions theor �tically mean t h a t  e v e r y  u n i t  i n  the 

country i s  to be cove!"ed by the FUA and regulated 

by DOE - perhaps incl�d ing a n  �ndivic�a l �as stove 

in a home if i t  is used to bo i l  �a ter . This seems 

a l l  the mort l ikely co n s iderin g  the fact tha� the 

te!:'ms " bo i l e!' '' and. !-:FBI are so vaguely anc. broadlY 

def ined in the regu12t ions that this a�su�d e x treme 

could po s s ibly be cover e d .  Whi le this is r id i cu lous 

in itse l f ,  i t  further demon strates the to t a l  inad-

equacy of the EIS as appl ied to the FUA regu l a t ions 

a s  writte n . 

See response to comment by American Gas Assoc i ation,  p .  1 2-1 5 .  

See response t o  comment by Publ ic  Service Gas a n d  El ectric Company, p .  1 2- 1 24 .  

The regu lati ons i nd i cate that ownershi p i s  a prime consi deration an� only units  
of the  proper s i ze and communal owners h i p  a re affected by  the  FUA .  A s i te i s  
defi ned a s  a conti guous and i n terconnected fac i l i ty o r  one with  a pos s i b i l i ty of 
be inQ  i n terconnected in  the future . 

N 
I 
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Union  Oi l Company of Cal i forn i a  ( conti nued ) 

The EIS does not address the " gubstant ia l l y  

exceed s "  index a s  set forth i n  the proposed 

regula tion s ,  and therefore assumes the ava i l 

ability o f
'
economic exemptions . However , 

according to that ind e x ,  conversion of fac i l i t ie s  

could be forced b y  DOE i f  the costs of conver s ion 

were 1 . 3  or perhaps 1 . 8  times the ccst �or similar 

oil or ga s - f ired fac i l i tie s .  This " index" approach 

tota l l y  changes the economics for nearly every 

facil ity and thereby forc e s  the coverage of many 

not covered in the EIS anal ys i s ;  therefore the 

EIS i s  inadequate in this regard and unrelated to 

the proposed regul at ions . 

Environmental and other e f fects of increasing 

production and use of a l ternative fue l s  ( such 

as . sha le o i l ,  o i l  or gas from coal , petroleun 

coke , or other s )  are not considered in the E I S ,  

though they a r e  cal led f o r  i n  the regulat ions . 

As a matter of fac t ,  the E I S  spec i f ic a l l y  states 

(Section 1 . 2 )  that " Predicted impac t s  of a l ternate 

fuel s  are not given due to uncertainty o f  the i r  

usage" . NEPA requires full a s s e s sment a n d  dis-

d i sclosure o f  all reasonable program impac t s .  

The po l icy option o f  price decontrol o f  dome stic 

crude oil i s  not considered , a l though according 

to numerous estimates it would be cheaper for 

the economy and more bene ficial for the environ-

ment , would result in more conversions to coal 

An i ndex of 1 . 5  was assumed in the E I S .  I f  th i s  i ndex i s  l owered , l ess coa l 
wou l d  be used as a resu l t  of the FUA ( see Ta b le  1 0 . 5 )  and therefore a reduction 
i n  the envi ronmental i mpacts.  

tnvi ronmental impacts of a l terna ti ve fuel s are presented i n  Section 1 0 .  

See response to comment by U . S .  EPA , p .  1 2- 1 5. 

N I ...... 
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Un i on Oi l Company of Ca l i forn i a  (conti nued ) 

and would have a considerable ef fect en o i l  

imports. �LPA requires that a l l  suc� a l terna-

tive policy options be considered . 

This set o f  exa=.ples is not intended to. be exhaustive . It is 

intended,  !:o • .'eve r ,  to demonstrate the seriousness o f  the "disconnects" 

bet,,'een the E I S ,  the proposed regulations and the .FUA and the 

resulta�t total inadequacy o f  the EIS.  

Union Oi l bel ieves that the following steps should be taken before 

the FUh can or should be implemente d :  

All o f  t h e  regulations proposed f o r  implerr,entation 

o f  the FUh should be withdra""!l and ne>1 rec:;u l aticns 

written so that the l etter and intent 0: the FUA 

and the .:i ll o f  the Congre ss are met ; 

The ass��ptions for the E I S  on the FUA program 

should be rewritten in accordance with the re-

' wr itten regulation s ;  and 

The EIS process should then be undertaken in accor-

dance with NEPA and other applicable laws and relevant 

regulations before the FUA regulations are implemented . 

Until these st'eps are taken ,  the legal ity and adequacy of the 

entire FUA process is open to question . 

DOE d i sagrees , based on the responses to the comments a bove . 

N , 
� 
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1 3 .  COMMENTS - N O  RESPONSE 

The fol l owi ng federal agencies , s tate c l eari nghouses , and others s ubmi tted noti ce of no com
ment by revi ewi ng  agencies at the time of revi ew ,  or submi tted comments wh i ch di d not requ ire a 
response . 

Federa l Agenci es 

U . S .  Department of the Treasury 

State Cl eari nghouses 

Ari zona 
Del aware 
Fl ori da 
Georgi a 
Hawai i 
I I I  i noi s 
Kansas 
Kentucky 
Mi s s i s s i ppi  
Mi s souri 
New Jersey 
New Mexico  
North Carol i na 
North Da kota 
Oh i o  
Oregon 
Tennessee 
Texas 
Utah 
V i rg i n i a  
Wash i ngton 
Wes t  V i rg i n ia 
Wi scons i n  

Others 

C i t i zens' Action for Safe Energy , I nc . 
Government of Puerto Ri co 
Edwi n A. Jamback 
Texas El ectri c Service Company 

1 3- 1  

1 3- 2  

1 3-3  
1 3- 1 1 
1 3- 1 1 
1 3- 1 3 
1 3- 1 3 
1 3- 1 4  
1 3- 1 4  
1 3- 1 6 
1 3- 1 8  
1 3- 1 8  
1 3- 1 9  
1 3- 1 9  
1 3-22  
1 3-22  
1 3- 2 5  
1 3- 2 5  
1 3-26  
1 3-28 
1 3-32  
1 3-32 
1 3-35  
1 3-36 
1 3-39 

1 3-41  
1 3-42 
1 3-43 
1 3 -44 



U . S .  Department of the Treasury 

DEPARTMENT OF THE TREASURY 
WASHINGTON. D.C. 20220 

December 4 ,  1978 

Dear Hr. Frank: 

This is  in response to Mr. House I s November 13 
request for cODlDents on the draft environmental im
pact statement for the coal and alternate fue ls pro
gram authorized by the Fuel Use Ac t .  The Department 
has no comment other than to note that the statement 
appears to be a very compreh����;;;men t 'wJ ' 

/ � ' / 
. /..:- / // '" � .(� ony V: Di.Si1v/atre 

Assistant Di ctor (Environmental Programs ) 
Office of Administrative Programs 

Hr. Steven A. Frank 
Department of Energy 
Chief, Envjronmenta1 Evaluations Branch 
2000 H Street , N . W . , Room 7202 
Wa.hington , D . C ,  20461 

FEDERAL AGENCI E S  

W I N 
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Ari zona Power Author i ty 
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Ari zona State Parks Board 

I'OIlM TO .. cmtrLIDQ 'Y am•Wlt'9 MiIHSY 
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FOIitIioll TO II!. cO),(Pt.mp ay �Evt!,"''''9 A,9E:-ICY 

H r .  John B l ackburn , Exe c .  D i r .  
':en t r a l  A r i zona A!osoc. i a t ion 

o f  Gove rnr:'len t s  
P . O .  Box J J  ( t 8 1 0  H() j "  S t . )  {-_ .............. , DEC 1 , 1978 _ AZ No. 28- 8 0 - 0 0 b 3  
r l  orenc e .  A z  85232 

=-= Ad_ St:a�e C1eari .. ,,;l:<>uae 1700 West w .. bil1qt.on Street, ltoOQ 505 
�-.u:. AdZODa 85007 

" � ia..,... .. ,..,. rOl """' _ co"" "- ""'''''1O: 

(1) tM ,.....·,.". .... eM, ... aa4 �oI,..,. ...-, 
m eM .. ,..,..af ta  ...... 10 s ..... IIaIJ.--" ......... � 
en 11S __ ..tdt.., .......... LIw. ord.- Qr ,....... wllII .IIida ,.. .. r� 
(.) ....ua..I. ....... . 

Game " Fish 
Indian Affairs 
Aq. " Hort. 
Public Safety 
Solar E.nergy 

Power 
Health 
Land 
PaE'ks 

EftvironJDllntal stud.ies 
Archaeoloqical Research 
Centllr for Public Affairs 
IWnevable Natural R.sourc.s 
Arizonans for Jobs , Eft.rqy 
Salt River Indian Clearinqholl •• 
Navajo Ind.ian Clear1nqhou.. 
OEPAD: V. WilliaN 

6 Reqio". 

... _ THIS FORM AItD ONE XEROX COpy .. ... __ .. .... .... 1! worki n9 days ..... ... dOl . ..... ... ... 
,.. CIDIdUI m. �_ tr ,... __ tllltMr laIo,..don or.1III'tDMI UIH rOl ..... . 

..e Mo __ o. ddt ".;.a  
0 .... _ .. __ . ... -
O �  .. iIII"" w.-

:amlMllm: (U. MIdI .... .--. if �) 

"' ... ..J3..:.n_:..liL ____ .. 

... , .. _?t-�I��-��- T ••• " o" ..... a�.::,:SJ3 7!3 

w • 
,"'-



Department o f  Hea l th Servi ces 

O r .  Suz,:mrr, � fltn(hy I D j  reclor 
D. l"':.l.n:I� · : I :  ( , I  I ;  ........ lth :-� ,!-.. i c ,,; 
1740 \'; ;.:1 ;'l i ,;�; :;lrv \ : L  
£'! II'). -n j :-:, !\l j ::U!I" h',O!)7 

s.. .. AfopI� kI ........ \SA.l) 

DEC 1 ,  1978 

_I Arizona. State Cla6.l'inqhousa 1700 West Washington Street, Room 50S 
Jlhoenix, Arizona 85007 

ldI pnfea il  ........ CD ,.... f . ..... .... CD ___ .... ......... . .. : 
/I) ... _ .. __ ... _ .... _.,,.. _ .10) - -...-ofitlCD .... dM lO St.at. udJ_ .............. � im Ita ..... ... .., � '-' ..... . ,..aI&doa .. la w"" '. " _iIiac 
(4) ......... ....... ... 

,,- AZ No. 1 8 - 8 0 - 0 0 & 3  
Game & Fish Power 
Indian Affairs Health 
Aq. , Hor t .  Land 
Publ ic Sa fety Parks 
Solar energy 
Environmental Studies 
Archaeolog�cal Research 
Cellter for Public ,\ f fairs 
Renewable Natural Resources 
Arizonans for Jobs ", Energy 
Salt River Indian Cleari nghouse 
Navajo Indian Clearinghouse 
OEP.�D: V. Wi l l i ams 

6 Regions 

.... _TlIIS FORM AND ONE XEROX COpy .. ... -- .. .... .... 17 working dayS r..a ... ... ..... _ 
- .... - ......... if ,.. ... ,.... �.- ....... � tDr  ..... . 

0 .  __ ........... .. � .. - .-
0 .:-.. __ 

:--= � """" _ il -,) 

) /)  � < 

'''''-', -.. -..D. .. :._� ... \:t.iI(-.---�-.. -�-.. -.� ........ --
, U:H UIK'C'�·,. 

:i' ........ . . .. , 11,1 T'H <:'1 r.·,I"�! :. 

.,,�r t �' , • • 
.,. .. --.. --.. -.. ----� 

D i s trict  I V  Counc i l  of Governments 

H r .  Frank Servin, Exec. Dir. 

�b,tLict IV counci l  of Gov ' ts 

377 South Main S t . , Room 2()2 
Yuma, Arizona 85364 

F�Iod--tSA.I) 
lDEC 1, 1978 "- AZ 110. 1 8- 8 0 - 0 0 & 3  

From: Arizona. State Clea.rinqhouse 1700 West Washinqton Street, Room 50S 
Phoenix, Arizona 85007 

I1aiIPIOjIct .. '.cftNll .. ,.. f . ..... ... -. .... ........... � 

(I) - ...... • • .".. .... - ........ �of,... ....,. 
(2) ... --oI .... _ .. SU .. uooII .. _ ......... _ 
(]) ... _ - ... _ .... _ .. _ -- ,.. ... -
(4) _-

G ame  , Fish 
Indian Affairs 
Ag. , Hort. 
Public Safety 
Sola.r Energy 
Environmental Studies 
Archaeological Research 
Canter for Public Affa.irs 

Po .... er 
Health 
LAnd 
Parks 

Rene .... able Natural Resources 
Arizonans for Jobs & Energy 
Salt River Indian Clearinghouse 
Navaj o Indian Clearinghouse 
OEPAD: v. Williams 

6 Regions 

- _TIllS FORM AND ONE XEROX COpy .. ... ........... .. .... .... 17 working daYS r..a ... . _ ..... _ - - ... --..... " _ _ _ _  or __ ... _. 

B...N. _ ........... (O_,, _ _  _ 
O c- .  __ 

c:-."(U _ _ _  ,, _) 

--- ' /7' �' . -', "-'-"-_/_. _:..l=,r' 
� ."..L.;:,::!;_'"!_.s..�.<:../...:t_�__i...L::...!.1. .' 

<-,' ,L _....L!.. l.f -'� 

T ..... __ �Z .. � .. !� 

W 
I 01 



Game and Fi sh Deoartment 

:-____________________ -anm�H�m�'.UW�Mb�\ IlWtl"OAQ� 
/ .. \ �  
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tlari copa Assoc i a t i on of  Governments 

p .} I> 
John J .  Dc Bolskc,  Exe c. Dir.  
Ma l' i co?a. As s ' n  of G overnmer.t::. 
IS20 W. Washington Street 
Phoe nix, A Z 85007 /,{; /d' 
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DEC 1. 1978 - AZ No. 2 8- 8 0 - 0 0 63 

:1OIn: Arizona State Clearinghouse 1700 West Wuhinqton Street, Room 505 
Phoenix, Ar,zona 85007 
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·.:J!"F: - - :'!. r�"Ir.,.... .. ;.���� 
. '" - .  '"\ ARIZONA (:�: £1' OFFICE OF 

O<rtCE \�1 ECONOMIC PLANNING AND DEVELOPMENT 
OF THE ,  • 

GOVERNOR 1700 West Washington , Rm. 505 

January 29 : 1 979 

H r .  S teven A. F rank , Ch i e f  
Env i ronmenta 1 Eva 1 u a t  i ons Branch 
Dept . of Energy 
D i v i s i on of Coa l Ut i l tza t l On 
O f f i ce of Fue l s  Regu l a t i on 
2000 H S t ree t ,  N. W . , Room 7202 
Was h l  ngto" , ·0 .  C " 20�61 

General Offices of OEPAD • 4th Floor 

Re : F ue l  Use A c t - D raft ProqranYT'lat ic Env i ronmental  Impact S t a t ement 
S . A . I .  #78-80-0063 OOE/ E I S-0038-o 

Dear Mr; Frank : 

Enclosed is a copy of a response concerning the above project which 
vas received by us after our Signoff to you . 

Sincerely, 

� ���/M 
Mrs . Jo Youngblood, Supervisor 
Arizona State Clearinghouse 
JY: S 5  
Ene! .  

Mailing Address: Executive Tower Room 505 • 1 7 00  West Washington _ Phoenix. Arizona 85007 

State Land Department(Ari zona ) 

>. ..... r v ,  t... ... . ve � � "" • 
S t a te land Dept . 1 624 \I Adorns .  4 th f I , 
F'l-toen i .x .  AZ 8sn0 7 
ATTN : Je f f  Yae9*" 

1.aw.�IO""' tJA1) 
r�EC 1, 1978 -- 1.% 110. 2 8 - 8 0 - 0 0 & 3  
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y'. �" 
ARIZONA (';:�';,\ OFFICE OF 
OFFICE '�<�Z} ECONOMIC PLANNING AND DEVELOPMENT 
OF THE . . .... ��� .. ,.&o%; :.-:.;. ..;,;;-:....... ---

GOVERNOR 1700 lJest Washlngt,," , !11:! . 51)5 General Offic .. of OEPAO • 4th Floor 

February 20 , 1 979 

Mr . Steven A. Frank, Chief 
Envi ronment a l  Eva 1 u.t ion Branc.h 
Department of Energy 
0 lv i 5 1 on of Coal Ut i l i za t i on 
Off i ce of Fueh Regu l a t  Ion 
2000 M S t reet ,  N . W. , Room 7202 
Wuh i ngton, D . C .  20�61 

Ie: Fuel U5e Act - Draft Progran"llla t i c  Envi ronmen tal I mpact Statement 
S .A . I .  #78-80-006) ooE/ E I S-00)8-0 

Dear Mr. Frank : 

Encloaed i. a copy of a reapoaae concerniDI the above project whicb 
v .. racaived by ... after our Sipoff to you •. 

Sincaraly, 

\1f Y �� lJ1MJ I� 
Mra. Jo TOUDplood , Superriaor 
Ariaoea State CleariQlhouae 
JT : S$ 
Encl. 

Mailing AdchII: ExlCUtM T_ Room !5O!i • 1700 west W8IIIington • Ph_ill. Ari_ 815007 

The Uni vers i ty of Arizona 

F ('\ ;t  '.� . '  I ,," ( ' ' '''''L,. , _ '" ., :  
"'. 1 . J �::l( " L .  "'f r c <:,  
.A.5. 'looc. i .' l l' Ar�h" c o I Qg i , t  
t;r i zona � l i! ! e  �u5.eu'T1 

.... Afipt,�,,� :.: ... IIII. ISA.l) 

Fro"': 

H.e Ur. i vc rs i ly of Ar lzona 
TUql"\r. , r,z 85721  

Ad"" .... Stat. Cl.ariAgho .... 

DEC 1 .  1978 

1700 West Wuhinqton Stre.t, aaoa 565 
r-.u .. , Adzo.... 85007 
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D ELAWARE 

6cti. jf,O: :--... .. <;:-:.�.�::,;" - . 
STATE OF DELAWARE 

EXECUTIVE DEPARTMENT 

OF'F'lCE OF THE 
OIRECTOR 

OFFICE OF MANAGEMENT, BUDGET, AND PLANNING 

January 1 9 ,  1979 

Ms . Ruth C .  Cl u sen 
As s i s tant S e c re tary for 

Environment 
Department of Energy 
Washing t on , D . C .  2 0 4 6 1  

DoVER OELAWA.RE 1 990 1  

At tent ion : Mr . S t even A. Frank 

Dear Ms . C lusen : 

PHO�I[ (30;2) 678 4 2 7 1  

RE :  DRAFT ENVIRONMENTAL IMPACT STATEMENT ON THE FUEL USE ACT 
OF 1 9 7 8 , DOE - E I S - 00 3 8 - D  

T h e  O f f i c e  o f  Management , Budget and P l anning , i n  i t s  func t ion 
as the S t a t e  C l earinghous e , has reviewed the subj e c t  E I S  
and h a s  n o  comments t o  o f fer a t  t h i s  t ime . 

Thank you for the o p p o r t un i t y  to review t h i s  documen t .  

S incere ly , 

�� -(� 'a'-'.J�� 
Nathan Hayward I I I  
D i r e c t o r  

f b  

� 1 (� � � 

FLOR I DA 

STATE OF FLORIDA. 

I)tpartmmt of .abmin�tratlon 

R G. Whittlo. Jr 
ST"T( � �  

Mr. Steve Frank 

Division of State Planning 
Room 530 Carllon Building 

TALLAHASSEE 
32304 

(_' .... ·"15 
Februa ry 5, 1 979 

Di vi s i on of Coal Uti l i zation,  
Room 7202 

2000 "M" S treet, N. W. 
Was h i n gton , D. C. 20461 

Dea r Mr. Fran k :  

Bob Graham 
.... n.x .... ,.. 

J i m  Ta i t  """'-Wl< '"""""'-
.. CfIIJ, ... • .. _' .. IlU"TlCIII 

Funct ioning  as the state p l a n n i n g  and development c l earinghouse 
contempl ated in U.  S. Office of Management and Budget C i rc u l a r  A-9 5 ,  we 
have revi ewed the fol l ow i n g  draft programma t i c  e n v i ronmental impact 
statemen t :  Fuel Use Act ,  SAl 79-0851 E .  

Dur i n g  o u r  re view we referred the en v i ronmental i mpact statement 
to the fol l owing agenc ies , which we i denti fied as  i n tere s ted : Department 
of Envi ronmental Regu l a t i on , Departmen t of Natural Resource s ,  Publ i c  
Service Commi s s ion and State Energy Offi ce.  Agencies were reque sted to 
review the statement and comment on pos s i b l e  effects tha t a c t i on s  con
temp l a ted cou l d  have on matters of the i r  concern. Letters of comment on 
the statement are enclosed from: Department of Environmental Regul a t i on 
and Depa rtment of Natural Resource s .  The Publ i c  Service Commi s s ion and 
S ta te Energy Office reported no commen t.  

In accordance with the Counc i l  on Envi ronmental Qual  i ty gui del ines 
concern i n g  sta tement on proposed federal action s  affecting the en v i ronmen t ,  
a s  req u i red by the National Envi ronmental Pol i cy Act of 1 96 9 ,  a n d  U .  S .  
Office of Management and Budget Ci rc u l a r  A-95 , t h i s  l etter, with attach
ments , should be appended to the final  envi ronmental i mpact statement on 
this project. Comments regard i n g  thi s statement and project con t a i ned 
here i n  or attached hereto shou l d  be addressed i n  the statement. 

We request tha t you forward us copies of the final envi ronmental 
impact statement prepared on t h i s  project. 

RGWjr :WKm 
Attachments 
cc : Mr. Joseph W. Landers, Jr.  

Mr. Loring Lovel l 
Ms . Vi ctori a Tsc h i n ke l  
Dr. Carlos A. Warren 

S i nCer�l Y '  . . ?  
..v . /' 

// ' . '1/ . 
R. G. Whittl e ,  Jr. , Di rectO r 

W I 



STATE OP l' •. OIllDA 

IItpartmtut of .Abmiuilltratio 
.I t, Division of State Planni ng ; U.('.lU l'l ' 

Intt!'r; j'/" U1mc \ .11 , .-, " ,,""; Reubln 0'0. Askew / . �' II,� 
aG Whil��\� 0 ) 
'>An P<NHHO-T V 

880 AIMIaehee ParkWlY • IBM Buildl,. DEC J .!o"r�'fr 

, VIS/U" 0, STA l l  " .1-;;:;;;;-1 
TALLARASSE!. =O�Ili'�\lQr(." l. oo •. RJ.crIY'''�. Will �. )2')04 . 

� /� \1 . ,\0'3 
NO • .,ruru,n "" .... '"11' ... ". 

J 
TO: 

FROfl : 

SUBJECT: 

Mr. Harmon Shields 

2 3  
-

• �-.- .. ' -(904)  488- ,). 
"" ' 1 ' , lQ'( ' c/ I I . �;.,: I/-;J 7� 70 

Department of Natural Resources 

202 Blount Street, Crown Building 

Tallahassee , Florida 32304 

[ [ . ':lI.E Oi llc[OR 71 /7 DEPT. CF 1(I,TWi I���C[S / :J � /0 6 

Bureau of Intergovernme ntal Relations 

SlII : 'J 'l-ois iE 
The attached "Advance Notification" of intent to app ly for federal 

assi stance is being referred to your agency for review and comment s .  Your 
review and C0mmE'n t s  .should adc'h:ess themselves to the extent to which the 

project is cons is t.ent with or' contr ibutcs to the ful f i l lment of your agency ' s 

plans or the achi evement of your projects, programs and objective s .  

I f  further in formation i s  required, you are urged t o  telephone the 
contact person named on the notification form. I f  a conference s('cms necessary , 
or j f you wish to review thC' entire api/li.cation, contact this office by telephone 

as soon as pos sible. I f  you have no adverse comme nts , you may ..... ish to repor t 
such by t'�lcphonc . Please check the aI'propr iatc box, attach any comments on 
your agency ' s  stationery, and return to this office or telephone by the above 
due d<ltC . If we do not receive a re sponse by the due date . WE' w i l l  assume 

your agency has no adverse conuncnts . In both telephone conversation and 
wri ttcn correspondence, please refer to the SAl numbe r .  �inCerelY' _ ,_ '" 

- �_P' /.;-�-r..e;-inlJ Love l l ,  Chief 

Bureau of Inte rgovenunental Re lations 

E::1c losure 
* * *  iI � iI "' ''' * * *  • __ '" * * * * *  * * _ * * * 11 11  * * .,. * ,.  * * * * * * * * * . _  . _ * * * * *  * * * * * _  . * _ *  .. _* * * * * *  * * *  * ** * * *  * * *  

T O :  Bureau o f  Inte rgovernmental Helations 

FROM : Department of Natural Resourccs 

SUB,TEer: Project Review and Comments , SAl : 7 9 - 0 8 5 1E 

Q No COlTl.ments 
I 0 

Signature : -"-'�.cw,.� 6 L�.c.<.b.,,-=--_ 
Title- : Admi-::J)trative Ass is tant 

Comme nts Attached 

Date : Dec . 1 3 ,  1 9 7 8  

('��' �'Z�.:'� i -" '�,.(J\� 
-=� - � NNJ""f 

TWIN TOWERS OFFICE RUII.OING 

2600 BLAIR STONE ROAD 

TALLAHASSEE, FLORIQA 32301 
REUBIN 0'0. ASKfW 

GOVCtlNOR 

JOSEPH W. lANO[nS, Jil. SECRETARY 

, ..... "" "'''''''' or ' STATE OF FLORIOA 

JAN
"""''''''''l>EWA TMENT OF ENVI RONMENTAL REGULATION 5 1979 

RECEIVED 
SAl I January 4 , 1979 

NO. 

=--=.. ... -.. ::� ;4,-,: 
Mr.  Lori nq Lovel l ,  Chi  ef 
Bureau or' I ntergovernmenta 1 Re 1 a ti ons 
Department of Adrr; i n i s tration 
D i v i s i on of State P l anni ng 
Room 530, Carl ton Bu i l d i n9 
Ta 1 1  ahassee , Fl ori da 32304 

Dear Mr. Lovel l :  

U . S .  Department of Energy, Draft Programma t i c  
Envi ronm e n ta l  Impact Statement, Fuel Use Act , 
November 1978,  DOE/ E I S  - 00380, SAl N o .  79-08S1E 

The envi ronmenta ', impacts and adverse effects di scussed in this Envi ronmental 
Impact Sta tement are those whi ch may resu l t  from impl ementation of the 
proposed regu l at i ons for enacting the coal and al ternate fue l s  use 
program , a program whi ch has been authori zed by the Powerp l a n t  and 
I ndustri al  Fuel Use Act of 1978. The proposed acti on is a Congress i o na l l y  
mandated program proh i b i ti ng the cons tructi o n  o f  ne" powerp 1 an';s w i  thou t 
the capabi l i ty for u ti l i zation of coal or a l ternate fuel s and prohi b i ti ng 
the use of natural gas  or petroleum as the primary energy source i n  new 
powerp 1 ants and MFB! boi l ers . 

Al though we have i denti fi ed no major objections w i th th i s  E I S  i t  appears 
that a numoer of h i g h l y  conservative and unrea l i s t i c  assumpti ons have 
been made . A W(Jrse case impact assessment was then formu l a ted wh i c h ,  i n  
our opi n i on , wou l d  probably b e  no more s i g n i fi cant than what may be 
expected under normal ci rcumstances .  

We arc conti n u i ng t o  work wi th the Publ i c  Serv i c e  C01l1Tli s s i o n  and others 
to hel p formu l a te a u n i f i ed pos i t i on for presentation to the new admi n i s tr a t i on 
by January 2 2 ,  1 9 7 9 .  We appreci a te the opportuni ty to commen t  on the 
draft E I S .  

JBO/mj 

Si ncerely , 

�Jd#.-/ 
'John B .  Outl and ! ntergovernmenta 1 Programs 
Rev i ew Section 

W 
I 
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GEORG IA 

TO: 

FROM: 

DATE: 

SUBJECT: 

Steven A. Prank, Chief 
Envi....-ntal Evaluations Branch 
Division of Coal Uti lization 
Office of Fuel� RelUlation 
Depart.ent of Energy, Room 720l 
2000 M Street, N. W. 
"'hilllton, D .  C.  20461 

STATE CLEARINGHOUSE 
OFFICE OF PLANNING AND BUDGET 
INTERGOVERNMENTAL RELATIONS DIVISIIJi 
270 WASHINGTON STREET, S. W. 
ATLANrA, GE<ltGIA 30334 

Novellber 22, 1978 

RECEIPT NEGATIVE DECLARATIIJi/ENVIRONMENTAL ASSESSMENT <It 
DRAFT/FINAL ENVIRONMENTAL IMPACT STATEMENT 

APPLICANT: U. S .  Department of Energy 

PROJECT: Draft EIS, Powerplant • Industrial Fuel Use Act of 1978 

STATE CLEARINGIOUSE CCIiTROL NUMBER: 78-11-22-11 

OFFICE OF PLANNING AND BUDGET COO'ACT: C. &adler/S . Williams 

The environ.ental infor.ation for the above project was received by the State C l ear
inJhouse on Nov_her 22, 1978 

The State- level review On this project has been initiated and every effort is being 
.ade to insure prOlipt action. The do�nt wil l  be carefully evaluated relative to 
its consistency with State econo8dc, social, physical JOal s, policies, plans , obj ec
tives and prograas . You .. y expect to be infor8ed by the State Clearinghouse of the 
results of the initial review by Dec.ber 22, 1978 

In future correspondance relardinl this dooment , pl.se include the State Clearing
house Coatrol llullber shown above . If you have any questions concernilll this proj ect, 
pi .... call ua at (404) 656-3855 or (404) 656-3829. 

PORM SC-EIS-l 
July 1975 

HAWA I I  

-• 
EXECUTIVE CHAMBERS 

GEORQI: III, ARIYO.HI 

December 26 ,  1978 

Ms. Ruth C .  Clusen 
Assistant Secretary for Environment 
Department of Energy 

Washington , D .  C . 20461 

Dear M s .  Clusen: 

Thank you for the "Draft Programmatic Environmental 
Impact Statement" for coal and alternate fuels program trans

mitted by your letter of November 16, 1978 . Since we do not use 
coal 09 a fuel in the State or Hawaii and our State is not included 
in the various Demand Regions , we are not in a position to 

provide meaningful comments . 

We are concentrating our efforts on developing renewable 

resources available in ltawati IlI,lch as geothermal and solar 
energy , however , it is always possible that coal may be needed 

at some future time. Henc e ,  we are interested in being informed 

of developments in the coal program on the mainland and would 

appreciate receiving future published comments or proceedings 

of hearings .  

With warm personal regards ,  I remain , 

Yours very truly , 

ce: Mr . Stevom A. Frank rJv�-.k 

310C� 
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I LL INO IS  KANSAS 

(Comments were recei ved from the State of I l l i noi s 
s ub sequent to the l etter bel ow .  These l ater comments , 
together wi th responses , are g i ven i n  Section  1 2 . ) 

STATE 0'" ILUNa. 
EXEC1JTIVE OFnCE OF 'I1IE GOVEIIJIIOR 
BUREAU OF THE BUDGET 

... 'N ...... LO U70e 

January 8 ,  1979 

Hr. Steven A .  Frank , Chief 
Environmental Evaluations Branch 
Division of Coal Utilization 
Office of Fuels Regulation 
Department of Energy 
2000 M Street , N.W. - RID. 7202 
Washington, D . C .  20461 

Dear Mr. Frank: 

RE: Draft Programmatic=, Environmental Impac t Sta.temen t : Fuel Use Act 
OOE/ EIS-0038-D 
SAl #78 11 28 61 

The Illinois State Clearinghouse has reviewed the referenced subject 
pursuant to the National Environmental Policy Act of 1969, OMB Circular A-95, 
Revised and the administrat ive policy of the State. State agencies which 
are authorized to develop and enforce environmental standards have been 
given the opportunity to comment on this subject . No comments were received 
on the referenced subj ec t .  

Thank you for your assistanc e .  

Respec tfully your s ,  

T�r�� 
Illinois State Clearinghouse 

TEH/l1 

ST A T E  OF K A N S A S  

::Department 0/ � AJmini:J/ration 
OP£:l:\ � : :::':-;5 R? DIVISION OF STATE PLANNING AND RESEARCH 

Hh Floor ·-·�lll� S"lIldlflg 
,:' J;'j ;) � _:J 

Director 
U .  S. Dept . of Ene .. s/ 
Economic Regulatory ! imn. 
O f f i c e  o f  Fuels Regulation 
Washington. D . C .  20461 

.,.-; w 9th 
T opeh, Kans;u 666 11  

January 1 0 ,  1979 

Rt!: Fuels Use Act - Draft 
Environmental S t a t ement 
SAIII :  6365 - DES 
Reviewed by : Fish & Game9 Park & Resources 

The referenced project has been processed by the Division of S t a t e  Planning 
and Research under its clear inghouse respons i b i l i t i e s  described in Circular A-9S. 

After review by interested s t a t e  agenc ies i t  has been found that the proposed 
project does not adversely a f fec t state plans. There has heen concern expressed 
by the Kansas Fish & Game Commission. and Park & Resources Authority 
regarding f inal plans and specificat ions for construction. Should this project 
be funded by U .  S. Dep t .  o f  Energy 
we request that the applicant work with the above listed s t a t e  agencies 
i n  assuring that all expressed concerns are incorpoI·ated in the final plans and 
specificat ions . 

Should you have qny quest ions please contact this o f f i ce .  Please refer to the 
S t a t e  Application Identifier (SAl) Number above in a l l  future correspondence. 

PVD : j c  

A t tachment 

Sincerely, 

' ./ ! i I 
� , -, �:.I> ,. '. .� .J ... . .  ""' . .  
Paul V .  DeGaeta 
A-95 Coordinator 

c c :  Robert D .  Wood, Kan s .  Fish & Game Comrn. 
Wayne Herndon, Planning Dept . ,  Kans .  Park & Resources Authority 

W I 
� 
""'" 



Economi c Devel opment ( Kansa s )  

STAH ACt:NCY A-95 1'IWISHITTAI • •  1IR!l 

Return to: 
Dlvl�ion of S tilt� Planning & R(!searc::h . ))cpart.ent of Admi nistration, Suit.(! SOl 

Hills BuIlding, Topeka , Kansas 66612 

PROJECT nTl.E: 
o NOtificat"Ion--ot lnt�nt Office of Fuels Regulation, U . S .  D("pt. of E�ercy [] rrcarplh:atioD 

Draft ProgralrllM tic Environ. Stmt. Fuels Use Ac::t r::J .�inal Application 
DATE ,RE\'IEH PROCESS S1I\K lt.V - ---- ---.:-.::.--.---- = . .  --.;._ .... -nATE kEVIEW' PKV\,;t..,:,;:, r.aV1:.U ----SAl -1IU118ER --

11-27-78 12-18-78 6385 - DEIS 

PART I fn i L ia l  Proj ect Notification P.cvic::v (To be cOilplctcd by Clcotring,oouse) : 
lOhe aUilchcd project has been suhm i t ted to the State Clearinghouse 
under the prOVisions of the Federal O�IB Circular A-95 revised . 
This form provides notific::a t ion and opportunity for revil"w o f.  
this project t o  the agencies chec!:'ed below. Plcas� f i l l  in 
l!.Jr t  II and I'c1rt III beloW' "and return to the State Clearinghouse. 

x'EJ 

8 
Return by 12/ 15/78 

E..'I(pcdite 
Ud. Inro� Avail. 

REYI£l1 ACE�CIES 
o Ar,inC �J Agriculture - m-lR 
fC.iVil Rights COllb1l.i!lOsion 'r Economic Development 

Education 
" Forf'!IOtry, Fish t. Game COllftlission 
� lIefl l Lh Rnd f.nvironment 

00 .If storical Socicty 

0 " Human Resources 
� Kans.,s ' Corporc"\ tion CoDl!llission 
� Park .... l� Resources Authority o Soci . .  ] and Reh.1bilitc'ltion Services 
� State Conservation Coaaission 
[] Transpor t;l t ion 
o Vater kesources BO� 
(XI fl4.'rlMtIf i Rt,ce.e 

�--
PART ) 1 I'\ntu r(' of Agf'ncy review COBDent� (To be completed by rl.""View .. �ency .. nd 're�'.��I!) : 
Check one or Dore apl>ropriate boxes .  Indicate CO:Rments below.. Attach additional sh("�t if " 
necessary or USl" reverse side. 

D R("(l\1�st clnriUcat ion or IIddit ion .. l"  info. [J Suggestions for improving proj ec t proposal 
CO)�IEns : No IIOney involved. Review is to fill S(Me fHeral require_eDt .  

PART I I I  RecollllnC!nded State Clearin!:house Act.ion {To b e  completed by revie .... • agency and 
" returned 'to Clear {nghouse) : 

Check one box only: 

GJ 
o 

Clc".1rance of the proj ect should ' b e  
g,r:tnted 

Ch."ar.1nce of the projec t  shou]d lac 
delAyed until the issues or questions 
h.nve been clarified by the Applicant 

o 

o 
iBVTA� Div.lAr.ency 

Cle..,rance of the project should not be 
_debyed .... 1 the AppHcant should (in 
the final application) address or clarl'>' 
the quest ions; or concerns indicated above 

kcquest the opportunity to review the 
final app l Ic a t ion prior to subissioR to 
the federal funding agency 

D.3te 

Hi storical Soci ety ( Kansas ) 

STATE ACEIi� A-q5 TRANSmTTAL FOR." 

RettJrn t o :  
Division of State Planning & Researc h .  Departmen t  o f  Administration, Suite: SOl 

Hills Building. Topeka, Kansas 66612 

PROJECT TITl.E: 
o Noflf1c"ation-ol Intent Office of Fuels Regulation, U . S .  Dept. of Energy B Preappl ication 

Draft PrograDIIUtic Environ. Stmt . Fuels Use Act Final Application 
DATE REVI W rROCESS STARTED DATE R£VIEII PROCESS ENDED SI\I NUUBER 

11-27-78 12-18-78 6385 - DEIS 

PART I I n i t  ial Proj ect Notification Revie"" (To be completed by Clearinghouse) : 
1'he a t tached project has been sub;ui t t ed to the State Clearinghouse 
under the provisions of the Federal O�fB Circular A-95 revised . 
This form provides notificat ion and oppor tuflity for review o f  
this project t o  the agencies checked below. Please fill i n  
Part II and Part I I I  below a nd  return t o  the State Clearinghouse .. 

� 8 
Return by 1 2/ 15/78 
Expedite 
Add. Info. Avail . 

REVI Ell ACENCI ES 

� 
� .-a 

Aging 
Agriculture - DWR 
Civil Rights Commission 
Economic Development 
Education 
Fllrestry. Fish & GaDle Co_ission 
fleal th and Environment 
H istorical Society 

o Human Resources 
� � � 

KanSH!; Corpor�tion Commission 
Park lind Resources Authority 
Social Clnd Rcha.bilitation Services 
State Conservation Comr.t1ssion 

o Transportation 
o Water {C.esou�c,�n03rd 
� RIMA< k>'-o, � ,  .... ........,..t-

PART JI �;1ture of Agency revie", coments (To be completed by review agency and returned to CH) 
Check on� or more appropriate boxes. Indicate comments below. Attach addit ional sheet i f  
necessary or use reverse side. 

D Requ�st clarificat ion or add i t ional info. 0 Sug$estions for improving projeC t propos" 
CIDNE" , .:) ;  

This i s  a general statement con-erning the increased use o f  coa l .  Since specific 

prOjects are addressed, this agency has no conments. 

PART I I I  Recommended State Clearinghouse Action 
returned to Clearinghouse) : 

(To be completed by review agency and ?:heck ne box only: 
-Clearance of the project should be 
grClnted 

o Clearance of the proj ect should be 
delayed until the issues or quest ions 
have been clarified by the Applicant 

o 

o 

Clearance of the proj C!ct should not be 
delayed but the Appli�ant should (in 
the final application) address or clarify 
the questions or concerns indicated above 

Request the opportunitv to review thet 
final IIppl ication pri(.� to subC'lission to 
the federal funding agency 

Rer;;x:;t; � I j};;;·b� I Da t e  

/).. -I -?J' 
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KENTUCKY 

EUOENE F. MOI)NIEY 
SECRETARY 

� M. CARROLL 
GOVERNOR 

CO..,.MONWEALTH OF KENTUCKY DEPARTMENT FOR NATURAL RESOURCES AND ENVIRONMENTAL PROTECTION 
O F F ICE OF THE SECRETARY 
FRANKFORT, KENTUCKY 40601 

TELEPHONE: (502) 564·3350 

January 26 ,  1979 

Ms . Ruth C. Cl usen 
Ass i stant Secretary for Envi ronment 
Department of Energy 
Washi ngton , D . C .  20461 

RE : Comments on the Draft Envi ronmental Impact Statement on Fuel Use 
Act 

Dear Ms. C l usen : 

The draft programmati c Envi ronmental Impact Statement on the Fuel Use 
Act has been ci rculated to the Kentucky Environmental Review Agencies 
for the i r  review. Enclosed are the comments that have been returned 
by our Divi s ion of A i r  Pol l ution Control on the statement .  Any 
further comments received wi l l  be forwarded to your attention . 

BRW: ksm 

Encl osure 

Si ncerely,  

��v.J.efk 
Boyce R .  Wel l s  
Envi ronmental Review Coordi nator 
Office of Pol i cy and Program AnalYS i s  

31648 

Govc: ... o" 
EUGI£NI£ F MOONI£1' 

0-·:"·� "'· 
• 'tiJ ' , Q ; , ''>n '� 

JULIAN M. C60.RROLL 

COMMONWEAL.TH OF KENTUCKY 

DEPARTM E � T  fOR NATURAL RESOU RCES AN D ENVIRONMENTAL PROTECTION 

TO: 

FROM: 

SUBJECT : 

BURrEAU 0 ,.  ENVIRONMI:NTAL PROTECTION 

A .  L .  ROARK 

CON"'S.'O .... I:A 

FRANKFORT, KENTUCKY <40eOI 

M E M 0 R A N  0 U M 

January 5 ,  1 979 

Envi ronmental Review, Office of Plann i ng and Research 

John T. Smither � 
Fuel Use Act Envi ronmental Impact Statement 
ooE/EIS-003B-0 

The Kentucky Di v i s i on of A i r  Pol l ution Control has revi ewed the subject draft 
EIS and offers the fol l owing comments . 

Implementation of the Fuel Use Act ( FUA) wi l l  have very l i ttl e ,  i f  any, effect 
on the a i r  qual i ty i mpact from e lectric  power pl ants in Kentucky . This i s  
primari ly due t o  the fact that very few power pl ants i n  Kentucky presently use 
natural gas or petrol eum as a primary fuel . A l l  of the new power pl ants in the 
State under construction or proposed wi l l  use coal as the pri mary fuel source. 

The FUA wou l d  have a much greater effect on the a i r  qual i ty i mpact from 
Indus trial Major Fuel Burn i ng I nsta l l a ti ons (MFBI ' s ) .  The pri ma ry fuel source 
for I ndustri al  boi l ers i n  the state i s  natural gas or fuel o i l .  Thus , any 
MFBI with a heat i nput capaci ty greater than 1 00 mm BTU ' s  and not located i n  a 
non-attainment area wi l l  be requi red to switch to coal as the pri mary fuel . 
Thus , various a i r  contaminant emi ssi ons , namely pa rticul ate and sul fur dioxide , 
w i l l  i ncrease as the resul t of the fuel swi tch . Al though the E IS  i ndi cates 
that this fuel switch wi l l  have l i ttle  effect on " regi onal " a i r  qua l i ty ,  the 
impact of i ncreased emi s s i ons on " i mmed iate" a i r  qual i ty cou l d  be s i gni ficant 
and in some cases cou l d  restri ct future i ndustrial  growth in an area . However, 
each fuel switch must be eval uated on a case by case bas i s  and at this  poi nt 
i n  t ime,  i t  woul d be d i fficul t to assess potential probl em areas . 

JTS : GLM : k l g  

����� 

r'f"'. , ,,  .. " '· U Q.� . '  '(,Ullr;' .  

& [".",.O!'llY'IIIlA\. ,. ... �':tr."O .. 
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Department of Transportatfon ( Kentucky) 

rUGa! ;. IIIIOON£Y •• CAETARY 

COMMONWEALTH OF KENTUCKV 

JULIAN .... CARROLL GOVERNOR 

DEPARTMENT FOR NATURAL RESOURCES AND ENVIRONMENTAL PROTECTION • OFFICE OF THE SECRETARY 
FRANKFORT, KE ... TUCKY 40601 

TELEPHO ... E (502! 564-3350 

February 20, 1 979 

Ms. Ruth C. Clusen 
Assistant Secretary for Envi ronment 
Department of Energy 
Washington, D. C. 20461 

Re: COIIIIIents on the Draft Environmental Impact Statement 
on the Fuel Use Act 

Dear Ms. Cl usen : 
Encl Osed are the comnents that were returned l ate by the Kentucky 
Department of Transportation on the Draft Environmental I�act 
Statement on the Fuel Use Act. I hope these comnents wi l l  be of 
use to your agency. 

Si ncerely, 

�Q W� 
Boyce R. We1 1 s  
Envi ronmental Review Coordi nator 

BRII :bsc 

Encl osure 

�" LRf,O 

Di v i s i on of Systems Pl anning ( Kentucky ) 

MEMORANDUM 

TO. 

VIA. 

PROM: 

DATE. 

SUBJECT: 

Tom Seott, Assistant Director 
Division oC Urban and Regional PlaMing 

Henry M. BeMelt, Director If Ix-
Division oC Systems PlaMing jflU 
James W. Nelson, MSnagerJ2. 
Policy PlaMing Section A/ 
Division oC Systems PlaMi 

January 8, 1979 

Review of Environmental Impact Statement 
U. S. Department oC Energy, Fuel Use Act 

. ;...: -, 
; . ...., 
� =  

In accordance with your suggestion, my office has reviewed 
the Environmental Impact Statement (ElS) oC the Fuel Use Act which was done 
by the U. S. Department oC Energy. We concentrated our efCorts on how the 
Kentucky Department oC Transportation would be aCCected by the implementa
tion of the Fuel Use Act. Particular emphasis was given to the detrimental 
effects on Kentucky's transportation systems resulting from the projeeted 
increase in demand and supply oC coal. 

Please Cind attached a summary oC that part oC the EIS which 
is related to the coal haul problems oC Kentucky. . 

This ElS veriCies what the Secrelary oC Transportation has 
been espousing for some time now; that the projeeted increase of demand and 
supply of eoa] will eause severe transportation problems - partieularly on the 
roads oC Eastern Kentucky. The ElS explains the severity oC road damages and 
the resultant finaneial problems associated with these road damages. It is esti
mated that $6.4 biUion oC the coal-related highway improvements needed 
between now and 1985 would be incurred by building or rebuilding roads used Cor 
hauling coal in Appalachia. Similarly, this ElS documents problems related to the 
inerease in eoal suppty for the other transportation modes. 

We are very impressed with the apparent quality oC the EIS, 
espeeially with regards to the efforts in doeumenting related studies. We are 
also pleased that the conclusion reached by the ElS rela tive to problems oC coal 
hauling are the same as those the Department reached much earlier. Perhaps 
this stUdy and others like it can be used in building a case relative to the 
linaneial needs of the Department in this vital area. 

We appreciate the opportunity oC reviewing this document. 1C 
we may be of further assistance to you, please eontaet us at your convenienee. 

HM B:JWN.bdg 

Attachment 

cc. Eo B. Gaither, Jr. 

:� 

-::! 
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M I SS ISS IPP I  ", .. ���·'��!!�i .. i�i')�\.\ \�&ljJ}!J 
O''',C_ 0" TH. GOV.,,"Oll 

P'annlno & Coordination 

1S03 Walt.r Siller, Building 

JACKSON, MISSISSIPPI 38201 
15"�701' 

I I NC 

CU,., ,,IIICH JAMB A 'leMING 
D I R ECTOR 

STATE CLEAR INGHOUSE FOR FEDERAL PROGRAMS 

TO : U . S .  Department o f Energy 
Divis ion o f Coal U t i l ization 
O ffice of Fue l s  Regul at ion 
2000 M St reet , Rm .  7202 , N . W .  
Washington , D . C .  2 0 46 1 

At t n : S t even A. Frank 

PROJECT DE5CR!PT ION : 

STATE CLEAR I N GHOUSE NUMBER 

781l3illl2. 
DAT E : December 18 , 1 9 7 8  

Draft Environmental Impact Statement for t h e  coal a n d  alternate 
fuels program authorized by the Powerplant and Industrial Fuel 
Use Act o f 1 9 7 8 , DOE-EIS-00 3 8 - D .  Texas , Lou i s i an a ,  Arkan s as , 
Okl ahoma , and N .  Mexico 

The State Cl ear1r,ghouse . i r1  cooper�t+u� wi th the state agenc i es i n terested 
or possi bl y  affected , has completed the A-95 revi ew of the project descri bed 
above. 

None of the state agenc ies  i nvol ved in the rev i ew had comments or recommenda
tions to offer at th i s  t i me .  This concludes the State Cl eari nghouse review .  
and w e  encourage appropriate acti on a s  soon as  poss i bl e .  

A copy o f  thi s  l etter i s  to b e  attached to the appl i ca t i on a s  evidence of 
compl i ance w i th the A-95 requi rement s .  

�� 
lester Howel l .  Coordi �ator 
Cleari nghouse for Federal Programs 

M I SSOUR I  

•
. :::"":��� .. . 

.. \ 

J ........ P. T_oI. 

State of Missouri 
OFFICE OF ADMINISTRATION 

P.O. Box B09 
Jefferson City 65102 

William D. Dye, Director 

Division of Budget and Planning Governor 

January 5 ,  1 9 7 9  

Mr .  Steven A .  Frank 
Envi ronmental Evaluations Branch 
Division of Coal Utili zation 
Of fice of Fuels Regulation 
Department of Energy 
2000 M Stree t ,  N . W . , Room 7 2 0 2  
Washington , D .  C .  2 0 4 6 1  

Dear Mr .  Frank : 

Subject : 7 8 1 10077  

The Division of Budget and Planning, a s  the designated State 
C learinghouse , has coordinated a review of the above referred 
draft env i ronmental impac t  statement w i th various concerned o r  
affe cted state agencies pursuant t o  Section 10 2 ( 2 )  ( c )  of the 
National Environmental Policy Act .  

None o f  the state agencies invol ved i n  the review had comments 
or recommendations to offer at this time . 

We appreciate the opportunity to review the statement and anti
cipate receiving the final environmental impact s t atement when 
prepared . 

Sincerely , 

�9-u 
Lois Pohl 
Chief , Grants Coord ination 

W I 
co 



NEW J ERSEY 

,n�.� �'!t., t ,�..,;. .( 
, � . .  ' � 

@otatr uf N pm JJrr9P!I 
DEPARTMENT OF COMMUNITY AFFA I RS 

PA1 � I C I A  � �,H f £ H A N  

\..dM"" <" > I Q"'It.R 

Mr . St even A.  Frank , Chief 
Environmental Evalua t ions Branch 
Division of  Coal U t i l ization 
Office o f  Fuels Regul at ion 
Department of Energy 
Room 7202 
2000 M Street , N . W .  
Washington , D . C .  20461 

RE : OSRC-FY- 79-596 

Dear Mr . Frank: 

November 2 7 ,  1978 

1 6 3  WEST STAT£ S T R E E T  

POST O F F I C E  B O X  � 7 6 8  
T R E "ITON, N.J, O B 6 1 !>  

This will ac knowledge receipt o f  your recent Project No t i fication 
for the Fuel Use Ac t .  The proj ect  has been designated applicat ion OSRC
FY- 79-596 for all fut ure reference s .  

W e  have c irculated t h i s  Project No t i fication to t h e  appropriate 
S tate agencies for review and coounen t ,  We anticipate no problems during 
the review phase, but should any conflicts or issues arise , i t  will be 
necessary to schedule a conference in order to resolve the issues prior 
to the issuance o f  a Letter of Cert i f i cat ion. 

JHE:cp 

Very truly yours, '}�tb ��,� . 
Jerry H .  Eure , S r .  
Supervising Program 
Development Specialist 
Project Review Section 
Division o f  State and 

Regional Planning 

NEW MEX ICO 

State of New Mexico 
DEPARTM ENT OF FINANCE AND ADM I N ISTRATION 

State Planning DiviSion 
505 Don Gaspar Avenue 

Mr. Steven A. Frank 
Office of Fuels Regulation 
Department of Energy 
Room 7202 
2000 M Street ,  North West 
Washington , D. c. 20461 

Dear Hr. Frank : 

(i) 
Santa Fe, New Mexico 87503 

January 1 5 ,  1979 

Coordination Bureau (505) 827·2073 
Planning Bureau (505) 827·5 1 9 1  

Subject: Fuel U s e  A c t  Draft Programma tic Environmer.tal Impact Statement 

We have distributed copies of the above-named environmental impact statement 
to the Environmental Improvement Division, Energy Resource and Developmen t  
Division, and the Department o f  Natural Resources . They have n o  comment . 

We have reviewed the impact statement and have no comment at this time . We 
will welcome the oPI:X>rtunity to evaluate site speci f ic cases , 

Thank you for the oPI:X>rtunity to review this stateme n t.  

Sincere ly , 

K� ��" C� 
Kate Wickes 
Planning Bureau 

leW, jeh 

W I 
� 
\D 



PLANNING DIVISION 
(STATE CLEARINGHOUSE) 

PROJECT NOTIFICATION AND REVIEW SYSTEM 

APPLICANT NOTIFICATION 
of Raceipt 

PLAo.INING DIVISION 
DEPT. OFFINANCE AND ADMINISTRATION 

505 DON GASPAR 
SANTA FE, NEW MEXIC087503 

(505)827·2073 

Department of Energy 
TO: O f f ice of Fuels Regulation 

Washington , D . C .  20461 
ATTN : S t even A Frank 

FROM: PLANNING DIVISION 
DEPT. OF FINANCE AND ADMINISTRATION 

Ka t e  Wickes 
------icONTACT PERSONI

-·-- -- ---

SUBJECT: APPLICANT NOTIFICATION OF RECEIPT 

MIS2 

DATE: 
Decemher 5 ,  1 9 7 8  

S A l  N U M B E R :  9 12 1 1  009 
FEDERAL CATALOG NUMBER:  80. 000 / Po"e rplant & Ind u s t r ia l  Fuel use Act 
FEDERAL FUNDING AGENCY: DepL of Energy 

This is to notify you that we have received your: 

Notification of Intent 

___ Preapplication 

_.�_Application and Standard Federal Form 424 with State Supplemental Information 

___ Your application does not require review, thank you for sending a copy to the Planning Division, please adVise us when 
Federal action i5 taken on your application 

You can expect to receive copies of the (Preliminary) 

IFINALI_ .. --.! .... -.... Reviewby ___ . _ _____ . ____ . __ . __ �- )- 7 9  ---------- . 
date 

YOUR APPLICATION SHOULD ALSO BE SUBMITTED FOR REVIEW AND COMMENT TO THE SUBSTATE 
CLEARINGHOUSEISI CHECKED: 

_ _  � _ _ _  San Juan Regional Commlnee North Central New Mexico Economic Development 

___ Southwest New Mexico Council of Governments ______ District 

___ McKinley Area COG Southeastern New Mexico Economic Development 

___ Eastern Plains Council of Governments ___ District 

___ Middle Rio Grande Council of Governments ___ Southern Rio Grande Council of Governments 

2 - white 1 for applicant 1 - rfNlifIN divtllOn 1 - yellow - SPDcopv 1 - pink - COG'. copy 

TO: 

PLANNING DIVISION 
(STATE CLEARINGHOUSE) 

PROJECT NOTIFICATION AND REVIEW SYSTEM 

GENERAL REVIEW AND COMMENTFORM 

Review-Agency Bureau II Kate Wickes 

MIS4 

Review of: 
S.A.I. No. 9 1 2  11 009 

AgencyAddress ____________ _ City Zip _____ _ 

FROM: Planning Division, Department of Financeand Administration 

Address 505 Don Gaspar City Santa Fe. �p 87503 

SUBJECT: ( Project Title) Powerp lant & Industrial Fuel Use Act 

Because of your possible interest in this project it has been submitted to you for review and comment. Please 

complete this form and return to Planning Division, Dept. of Finance and Administration by � 
Idatel 

(To be Completed by the Reviewer) 

1 .  Are you aware of any programs which have similar goals and objectives to the proposed plan? yes ____ No� 
If yes, who provides these programs? What populations are being served? 

2. In your estimation, do these programs preclude the need for the proposed program? yes ____ No� 

3. Is the proposed plan incompatible with existing or planned programs you are aware 017 yes ____ No-----..L� If the 
answer is yes, in what way is the proposed program incompatible? 

4. Does the proposed program conform with a comprehensive plan developed for the area in which it is located? 
Yes ___ No ___ _ 

5. In your opinion, is the population being served in critical need of, or large enough towarrant, the proposed action? 
Yes __ X __ No ___ lf no, explain. 

6. Does the proposed plan conflict with any applicable statute, order, rule or regulation (federal, state, local) with which you are 
familiar? Yes ___ No __ X __ lf yes, cite the conflicting statute, order, rule or regulation. 

7. Describe any suggestions on means of improving or strengthening the proposed program. 

8. Is the information contained in the application and information forms consistent? 

Yes 

9. On the basis of the above evaluation, convey your general conclusion by checking the appropriate statement or statements: 

___ No interest in or comment on this project 
�Proposal is supported 
___ Proposal is considered nonessential, as explained below 
----Additional information is desired, as described below 

___ Conference desired with applicant 

10. Remarks or additional comments. 

SIGNATUREOFREVIEWER ("M, l,j ' �\...J 
TITLE planner IV 
DATE ,1anuary 15, 1979 

Approved July, 1978 
Secretary, DFA 

1 . whit_ - to app6icanl , - yeIow . SPD copy 1 • p,*- . RevWN ON. copy 

W I N co 



NEW MUICOSTATECLEAIlINOHOUSB DEPI'.OP FINANCE A ADMINISTaATION PLANNING DlVIIION 
REVIEW CERTIFICATION 

IITA n: PLANNING DlVIBION --�.-....... _ r  .. _ _  
_m.-n 

TO: Depart.eot of Eneray 
Office of Fueb aeauut10n 
WaahiDaton, DC 20461 
ATTN: ltr. Steven A. Frank 

DATE: January 15 ,  1 979 

SUlUtlCT: 

IlEVIEW ACTION ON: 

-.......... -
_.F1ooI ......,..... 

--,- .... 

-.!.ElS 

TVPEt'VNOS: 

_0.... 
-'-

_8&0 .. _ 

....... 01 SAl No.: 9 12 11 009 

P.o.IflCT TIt1.£: Poverp1ant & Induatrial Fuel 
Uee Act 

A ...... : Department of Eneray 

SOUICEOFFVNOS IEqVESTED 

F ..... _,: Department of Eneray 

F_I � Ti"': 

F ...... C ...... N .. : 
8&0 .. �: 

Pawerplant & Industrial Fuel 
Use Act of 1978 

80000 

MIS-6 

- - �
_8&o .. F __ , 

F ... ........... : , _ ___ . ____ F ..... , .8&0 .. 

REVIEW RaUL TS 
It vJ.-l The Appliatioe i. ouppot1ed. 

_.T .... AppU .. tioa i. _ i .. .... ru.,t with Slale. Ar.WWO . ... Load ........ 

._Comateala _ attached for ollhtaloalaa willi dUa ......... tioa. 
_'J1Ie AppII<adaa .... .... prnIew req __ lo. """" you, -..-. r ... � lIIia ......uay W ........ 
You may now submit your Application package. MI8-&. and review commenla to the Federal or Slale 
Apncylst from whom action i. beina I"l!Q\Iftted. 

PJeue DOUty t .... Slale Clearinahouae of any cha ...... in this project. Ref. to the SA I Dumber on ALL c ...... · 
pondence pertainina to this project. 

� o"J:&../ aLi�j" 14 / .titJi . ...,.. $..,., PIM",.. DirwtM (J 

COOENO. 

lIJ 

'a 

'6 

02 

03 

Of 

06 

06 

07 

NEW MEXICO PlANNING DISTRICTS 
AND 

CLEARINGHOUSE DIRECTORY 
CLEARINGHOUSE NAMES & ADDRESSES 
S,.,.,.,."".",Offa 
G.-BuiIdint/ 
S06Dona... 
San,.".. New .... icoll15/1J 
T�No.: lS06IC7·lIJ73 

SanJ..."R.,,;on.tCommirr.. 
SanJ..."Coun/Y Counltou_ 
Anw. New .... ico814'0 

MeKinMyAtNCOG 
JOO�.rH" Suit.' 
Gallvp, New .... ico873tJ' 
T..""."".No.: lS06I 722-4327 

NOIffI Canrr.lNew .... icoEconomic 
Datlfllopmenr Dislricr 

"-rOffaBo.42411 
San,."., N_ .... ic087!iO' 
T.,,""'-No. : lS06IC7·lIJ'4 

MiddItJ Rio Grande Councif 01 
Go.,..,."".ntl 

506 __ rr.. N. W., Suit. '320 
AlbuqwfflW, New .... icoBlfO' 
TaIepItone No.: 15061�·»'9 

Ea""" PIaino Councif of Go.,."",.n� 
Cuny Coun/y Courrhou_ 
C/ovis, N_ .... ico88'O' 
TeIfJpho""No.: I506I 762·77'4 

Sou_srN_Me.ico Councif 
of Go.,..,."".ntl 

Poorow;,;.Bo.2157 
SilwrCiry. N_ .... ico8MJ63 
TaIepItoneNo.: 15061388-'9704 

Sour_.,.",N_MII.icoEconomic 
DalflllopmanrDisrricr 

Poorow;,;.Bo.t1639RIAC 
R-. N_ .... ico8820' 
TlllllphonllNo. : 15061374-5425 

SourhtJrn Rio Grande Councif 
ofGo_"""",� 

575S. AIa_ 
Ciry·Coun/y ow;,;. Buildinfl 
La Cru-. New ... lCicollllOO' 
TaIepItone No.: 15061523·1414 

s COUNTIES 
S,.-.-

SanJuan 

ftlclCinMy 

Coif .. 
LooAAomoo 
Mora 
Rio Arriba 
S."MigwI 
San,.". 
Taos 

Bem.IiIIo 
Sandoval 
T""anco 
v_. 

CIKt'f 
DaBaca 
Guadalupll 
Hllftling 
Ouay 
RooSllIIfJIr 
Union 
CalTon 

Gr.nt 
Hidalgo 
Luna 

Cha_ 
Eddy 
L .. 
Lincoln 
Or.ro 

StJCOm1 
SitImI 
Dona Ana 

DISTRICT 
S,.-.-· 

, 

3 

4 

5 

6 

7 

Approwd July, 1978 S--V. DFA 

W I N 
� 



NORTH CAROL INA 

North Carolina .lrIA Department of Administratio� 
1 16 Weq .}{)ne� Sfreer Ralelyh 27603 

James B. Hunt,Jr .. Governor 
Joseph W. Grimsley, Secretary 

1\)0-1. Gl� / C; U  
�DUM 
T O :  'R ... �h e. C. I  .. ., .- "  

,Division of State Budget and Management 
John A. Williams, Jr., State Budget Officer 
(919) 733·7061 

r R o r� :  Chrya Bagge t t :aDirector , S t a t e  Clearinghouse 

SUB J E C T : N C. f i e  'ft / "fi'-7Jlj iJ '<r. �  E 1. '>/ 
-I .. e /  U ,> e.  f h � " . 

We h a v e r e c e i v e d  � c o p y / o r  c o p i e s  o f  t h e  a b o v e  
s u b j e c t  clr .. ':� "' '' y. : � t't\l:'+ >/-A.h:�en + 
We h a v e r e f e r re d  t h e  s t a t e m e n t  t o  t h e  a p p r o p r i a t e  
S t a t e  a g e n c i e s  f o r  r e v i e w  a n d  c o m m e n t . U p o n  r e 
c e i p t  o f  a n y  s u b s t a n t i v e c o mme n t s  w e  w i l l  f o r w a r d  
a c o p y  o f  t h e  c o m me n t s  o r  a l e t t e r  t r a n s m i t t i n g  a 
s um m � r i z a t i o n of a l l  c o m m e n t s  r e c e i v e d .  

mw 

11 

'0 

NORTH DAKOTA 

NORTH DAKOTA STATE PLAN N I N G  DIVISION 
S J "  I i:: CAPlfOL N I N  T H �- ( OOR 01SMARCK NORTH DAKOTA 58505 

'01 224 2810 

December 28 , 1978 

STATE INTERGOVERNMENTAL CLEARINGHOUSE "LETTER OF CLEARANCE" 
ON PROJECT REVIEW IN CONFORMANCE WITH OMS CIRCULAR NO. A-95 

To : U . S .  Department of Energy, Of f ice of Fuels Regu lation 

STATE APPLICATION IDENTIFIER: 7 8 1 1289M086 

Mr . Steve Frank 
Division of Coal Utilization 
Room 7202 , 2000 M Street 
Washington, D . C .  20461 

Dear Mr . Frank : 

Subj ec t :  Draf t EIS by u . s .  Depar tment of Energy, Office of Fuels Regulation 
for Dra f t  EIS : Fuel Use Act. 

This draf t RIS was 're"C.eived in our o f f ice November 28 ,  1978.  

In compliance with OMB Circular No . A-95 ,  our office has reviewed this 
draf t eia and hereby gives clearance to it without CODDDent . The NO 
State Intergovernmen tal Clearinghouse requests the opportunity for 
comp lete rev iew of applications for renewa l or continua t ion grants or 
applications not submitted to or acted on by the funding agency within 
one year af ter the date of this let ter . 

. /? L/ L .  � �:r� /!. )d� 
�ince ely yours, 

Mrs. Leonard E. Banks 
Associate Planner 

LEB/ aj , 

i-

.' • <� •• • t- ,  ' 

--' 
W I N N 



NORTH DAKOTA 

North Central 
Planning Co 

"PrOfec,iQflaI plennlnG a'a" H .... ing ciltzen, and lheirgovernmenl, in '"_ counti •• 01 ......... �_ 

January 3 ,  1979 

u. S. Department of Energy 
Washing ton, DC 20013 

Dear Sirs: 

In the process of the A-95 review, the at tached comments have been received 
for identifier #781208011 (Draft Programmatic Environmental Impact State-
ment for the Fuel Use Act )  from Jim Thompson, RC&D Coordinator and Mike Sauer,  
Aquatic Biologis t .  

Please forward these comments to the proper source f o r  documentation. This 
letter and attachments constitute the comment of the Regiona l Intergovern

mental Clearinghouse, made in compliance with OHB Circular No. A-95.  The 
Regional Clearinghouse requests the oppor tunity for complete review o f  
applications f o r  renewal or continuation grant s ,  o r  applicat ions not sub
mitted to or acted on by the funding agency within one year after the date 
of this le t ter.  

Sincerely, 

/I�f� 
Gayle Regan 
A-95 Coord inator -
Region III 

Attach. 

224 S.W. 4th SI. - Devils Lake, NO 58301 - 70H162-8131 

CLEARINGHOUSE 
USE ONLY 

REVIEW RESPONSE 
ROSIC FORM B (10-77) SAl NO. 

781208011 

DATE : 

TO: 

PROJECT 

December 8, 1978 

Jim Thompson - RC&D Coordinator 
Devils Lake, NO 58301 

DATE RECEIVED 

TITLE: Draft Prograamatic Environmental Impact Statement for the Fuel Use Ac t .  

APPLlCA!IT: U. S. Department of Energy 

The Clearinghouse has received an E . I . S .  for review under OHB 
Circular No. A-95 for the above projec t .  The attached project information is referred to 
your agency for your review and comment . Please review the proposal as it affects the 
plans and programs of your agency as well as those plana with which you are familiar ,  and 
indicate your comments below or on a separate sheet .  Some general suggest ions to assist 
in your review of proj ects are on the reverse of this form. 

A copy of all of the material received by the Clearinghouse is attached. 

Your cooperation is requested in completing your review and returning this form to our 
office within ten (10) days from the date of receipt .  If no response or indicat ion of 
your desire to comment is received within fifteen (15) days of date 'of notification, it 
will be assumed you have no comments on the proposal. 

The proposed activities 

The proposed activities 

(
-

) are 
(-

) are not 

L) do 
(_) do not 

consistent with state , areawid e ,  or 
local plans with which you are familiar 

contribute to the implementat ion 
of those plans 

(-) Hore review time is needed and comments will be forwarded by (date) 

(��No identified conflict (no comment ) 

(=) Requests a meeting with the applicant 

<=) Proposal is supported as written 

<=) Desires to review final application 

<-) Comments, identified issues ,  suggestions, recommendations or suggested stipulations 
-

are listed below or at tached 

(_) For the fol lowing reasons , (approva l) (disapproval )  of the proj ect is suggested : 

REVIEWER' S  1. }� SIGNATURE: -/Y/d/4// tk <0� -mU rf{ G cL Q G:n:� 
RETURN TO: IINorth Central P lanning Council 

Box 651 
Devils Lake . ND 58301 (701-662-8131) 

DATE: 

TELE : 

/.;l� k �/� 
h6.-L ,f&;y 

W 
I 

N 
W 



NORTH DAKOTA (cont i nued ) 

DAm. 
N. 

UVlEII IESPCllSE 
IIDSIC rcmt • (10077) 

__ ', 1978 

_ Sauer Aqua.ic Bio1011Ut JiOi:ti. teatral Pla'ftll1D& eo"""u 
Devil. �, BD 58301 

CLEAIlII1CHOUSE 
OSE ClM.I 

SAl .,. 
781208011 

DAm UCElVED 

nDJICr 
n!U: kaft Pr�r_tlc lavlr�tal t.pact Stat_t for the Pual U •• Act. 

APPLICAIIr: o. s. Depar�t of .... rc 

1ba Clar.t..qbau.M. baa r.cd .... aD '1.1.5. for ran .. UDd.r CICI 
Cirealal' 110. A-95 for the ...... proj.ct. '!he attac.bed projee.t :lD.fo�t:laa la r.ferr .. to 
,.,... ..-.c7 for year ""tAw ... �t. Plaue r.n..v the ,ropoMl a. It affecta the 
,lau ... prolr_ of ,ou.r ..-eY •• _n .. thoa. plaD. with .tdc.h you are fa1lJ.ar, ad 
lD41eate JOUr �t. helJRr or em • •• parat. ahaet. ... ,.,..ral ....... tlem. to ... lat 
:lD. year � of project. an em the r..ar.e of th1a f--.. 

• cC1P7 of aU of tM .tedAl r.cai"" .." ... Claar.faahouM 1.0 ...... _. 
'faur cooperatloD. la r&q ..... teal :lD. c.,1etlq ,our ran_ aDd ratumlq tbb fom. to our 
office witblD tea (10) day. fre. t.a. data of receipt. If DO raapoaae or lD4iC&tlem of 
,...... "'in to _. 1.0 r.-1 .... withiD fif ..... (IS) day. of date of _ifica.1oo, it 
will be .. .-I yOU h ... DO c�t. em tM: propoeal. 

1'be propo'" ac:tintl.. C> ar. 
L) are DDt 

elmapeat with atate. • .. vid.. or 
local ,1_ wUb .whiclt JDU are f..tliar 

11Ie ,...,.. ... KUrittoo 0 do 
U do _  

CGIItrlbute to the illpt-eDtatiem 
of t_ ,laao 

o JIor. r.d_ twa 10 ...... _ � .. v1ll be forwardod .." (d .. e) 

o 110 U .... ifiad coofl1ct (.., _.l 0 ProPo-l 1.0 ... _ ... .. ...,u._ 
o .......... . _tilla with ... appUcat � Dutr •• to r .. i_ f1Aal ."licatiOD 

c) ec-.a.U. 1 .... t1f1.ed la ..... , IIU .... U .... , ree�ticma or ....... t .. .  tipulatlODa 
are l.1at" belJRr or .ttac ... 

Cl 'or tM fou-1q r_, (apprO'OAll (d� .... al) of tM project 1.0 "'a.,.ad: 

un_'s � T II 
SIIlIIAmu:: -II @1!1 DATE: 

rlTIZ: � 8� TELI!: 

_ _u North Ceatral Pl&lUllDI CoUDcl1 
Box 651 
!levU. LaIr.e. lID 58301 (701-662-813ll 

1�/JV).r 
"d. -tO! 

SUGCEST1011S FOR CONSIDERATION IN REI/IEWING PROJECTS 

eo-ent. and reccaaeodation . ..  de throuah the clearinghou.e with re.pect to any project atll! 
for the purpo •• of a •• urina .. xiJla.ul cOD.i.tency of .uch project with State, areawide aDd 
local ccapreheuive plana. They are al.o intended to a.aht the Federal .. ency (or Sut. 
ageDcy, in the ca.e of project. for which the State under certaio Faderal grant a ba. final 
proj ect approyal) a.dainiaterina auch a progr_ in detemining whether the project 18 in 
accord with appUcable Feder.l law, particularly thoae requ1rina coo. latency with atate, 
areaWide, or local plan.. ec-.ot. or rec�dati0Q8 .. y includa, but oeeel DOt be U.-ited 
to, info�ti01l about: 

a) Tha extent to which the project 18 conai.teot with or contributea to the fulfllllM'ot 
of c�prebeD.ive plannina for the State, araa, or locaUty. 

b) The exteot to which the propo.ed project :  

1 )  Duplicate., rlln. couoter to, or need. t o  be coordinated with other project. or 
activitia. beina carried Out in or affectin& the ar_; or 

2) lUlht be reviaed to iocrea.e ita effectivene •• or e f f ici.,.cy iD relation.hip to 
other State, area, or local prOlr ... and project •• 

c) The ax tent to which the project contribute. to the achievelMllt of State, ar_ide and 
local objective. and prioriti •• relatina to natural aad hu.an re.ources and econc:aic 
and c�nity develo ... nt includina : 

1) Appropriate land ".ea for houaiua, cc.aercial, induatrlal, governmenul, lnatUu
tlOMl, .Dd other purpoae.; 

2) Wi •• devalopH'llt and cOQ •• rvatioQ "f natural reaourcea, includiua laud, water, 
mineral, wildlife and other • •  

3 )  Balanced traft.port.t ion .yata_, includln& highway, air, vater , pede.trian, .... 
cradit, and othar aoclea of the movelMot of people aDd aoocS.; 

4) Adequate outdoor recr .. tion and open .pace; 
S) Protection of area. of unique natural beauty, hi.torical ami aclentiUe iour.at; 
6) Properly plaaned C�Dity facilitiea, inc Iud ina utlUti .. for the aupply of power , 

vater aDd c:�nic.tloa. for the ufe dhpo •• l of vane. and for other purpo ••• ; aad 
7) Concern for hiBh atandard. of d •• iln. 

d) n.e a.teat to which the project ailnific.antly affecta the enviror.ent includ1n& con
.iderat iOD of; 

1 )  The awiroraenul t.pact of the propo.ed projec t ;  
2) Any adver.e envirolllllental effects which cannot b e  avoided. .hould the propo.ed 

project be 1lIple.anted; 
3 )  Alternative. to the propo.ed project .  
4) Th e  rel.t ion.hip betW!en local .hort tenll u ••• of .. D t •  envirolllllent and the .. in

tenanee and enhancCIMot of 1011& te..- productivity; and 
5) Any irreverdble and irretrievable co_ltlllent. of .r •• ources which would be in

volved in the propo.ed project or action, ahould it be 1aplelHnted. 

e) Effect. of eneray resource .upply and demand. 

f) The extent to which people or budnesses wUl be displaced and the availabiUty of 
reloeat ion re.ource. 

g) The extent to which the project contributes to more balanced pattern. of settlement and 
delivery of services to all sectors of the area population, including minority groups. 

h) In th� ("Rse <,f a project for which aSsistance is being sought by a special purpose unlt 
of local government, whether the unit of general local government having jurisdiction 
over the area in which the project is to be located has applied, or plans to apply, for 
assis tance for the same or a similar type projec t. 

i)  Po.itive support ive coml'4ents are useful to the review process particularly when 
definite reason. for support are given. 

W I '" .j:> 



OHIO 

e STAT E OF OH 1 0  
O F'f" ICE  O f"  T H E  GOVE R N O R  

COLU M BUS 432 1 5  
JAMIE. A. RttOOE.8 

Ms. Ruth C. Clusen 
Assistant Secretary for 

Environment 
U. S. Department of Energy 
Washington , D . C .  20461 

Dear Ms. Clusen: 

November 2 7 ,  1978 

I am very appreciative of rece1Vmg a copy of the draft 
Environmental Impact Statement concerning the Fuel Use Act .  

Thank you for your courtesy i n  providing me with this 
information report . �CerelY� 

J �  • \ A. RIDDES L· 
ernor 

OREGON 

fil 

� 

Executive Department 
INTERGOVERNMENTAL RELATIONS DIVISION 
ROOM 306, STATE LIBRARY BLDG .. SALEM, OREGON 97310 

January 1 6 , 1 9 79 

Ruth C .  C 1 usen 
As s i s tant Secretary for Envi ronment 
Department of Energy 
Washington , D . C .  2 0 4 6 1  

De ar Ms . C l usen : 

RE :  Fue 1 Use Act 
PNRS 7 8 1 2  4 2 3 0  

Thank you for submitting your draft Environmental 
Impact Statement for State o f  Oregon review and comment. 

Your draft was referred to the appropriate s tate 
agencies . The Departments of Fish and W i l d l i fe , Lands and 
General Services offered the enclosed comments which should 
be addressed in preparation o f  your final Envi ronmental Impact 
S tatement . 

We w i l l  expect to receive copies of the f i n a l  
s tatements as required by Council of Environmental Qua l i ty 
Guide lines . 

KW : cb 

Enclosures. 

S incere l y ,  

/�-;;/ II) 1:/( I' 
Kay Wilcox '/ 
A- 9 5  Coordinator 

:! t .']' )� 
AN EQUAL OPPORTUNITY EMPLOYER 

W I 
N 
U1 



_ OREGON PROJECT NOTIFICATION AND REVIEW SYSTEM 
STATE CLEARINGIOISE 

project . : 

Intergover�ental Relations Division 
Room 3n6 , �tate Library Building Salem, Oregon 9 7 3 1 0 ,  Phone : 378-3732 

�1LR..S S T A LE !LLYJ.Ll{ 
-' � �  � 1..\ �. � C) Due Date : \ - \ � - J9 

TO Agency Addressed : I f  you intend to comment but cannot respond by the 
return date , please not i fy us immed iately . I f  no response i s  rece ived 
by the due date , it will be assumed that you have no comment and the f i l e  
wilt  be c losed . 

PROGRAM REVIEW AND COMMENT 

To , S tate Clearinghouse : We have reviewed the subj ect Not ice and hllve 
re4ched the follow1ng conc lusions on i t s  relat ionship to our plans and 
programs : 

I t  has no adverse e f fect .  

We have no commen t .  

E f fe c t s , a l t ho ugh measurab l e , would be a ccept a ble . 

I t  has �dve r s e  e f fe c t s . ( Ex p la i n in Remarks Se ction ) 

We a r e  i n terested but requ i r e  more i n forma t ion to eva l u a t e  the 
propo s a l . 

P l ea se  coord i n a t e  the i m p leme n ta t ion of the propo s a l  with us . 

Add i t i o n a l  commen t s  for pro j e c t  improvement . (Attach i f  neces s a r y )  

REMARKS (Please type o r  print leqibly) 

The Wi llame t t e  Val ley does havl:> a serious a ir pol l u t lon prob l em .  The a t t a ched ma teria l ,  
as I interpret it  from a b r i e f  rev iew, r e l a tes t o  coal conversion as fuel f o r  ut i l i t ies 
and manufac tur ing . I bel i eve tllcre w i l l  he l i t t l e  impac t or l i t t l e  conversion in the 
valley . Prob l ems r e l a u.'d tn ('(lal  use are most common in the north c en t ral and north 
eastern s t a tE's . 

Agency C ; ./ 1 / 

C - . ,' , / 
� or- __ <; CL\ � y e s.  _ By I /; /' 7- /� ' I  

I ; I 

TENNESSEE 

6& TENNESSEE 
�. STA TE PLANNING OFFICE 

Febru4 ry 5 ,  1 979 

Mr. Steven A.  Frank ,  Chief 
Environmental Evaluations Branch 
Division of Coal Uti l  i zation 
Office of Fuel s Regulation 
Depa rtment of Energy 
Room 7202 
2000 M Street ,  N. W .  
Washington, D.  C .  20461 

RE : Progral!lllatic Draft E I S  - U. S. Department of Energy - Fuel 
Use Act. 

Dear Mr. Frank :  

... CUlIDl .u .'LDlNO 
•• SlY'"'" AVINUI. NOI'IIt MAIIfVlUI. "....... 3nl • 
• 11-7 ... 16H 

Pl ease find enclosed cOlTlllents from the Tennessee Wildl  i fe Resources 
Agency concerning the above referenced £ I S .  Any additional conments 
from other state agenc ies wi l l  be forwarded to you illlllediately upon 
recei pt .  

If  the State C learinghouse may b e  of further assistance, please 
do not hesi tate to contact me. 

Sincerely, 

��t�ib� 
Natural Resources Section 

BAO/fe 

Enclosure 

W 
I 

N 
Cl 



T E N N E SS E E  W I  L O l l  F E  R E S O U R C E S  A G E N C Y  

Ms. Bette Osborne 
Naturel RellOurce Staff 
State Planning Office 
660 Capitol Hill Building 
Naahville, 'l'ii 37219 
Dear 1Ia .  Ollborne: 

ELLINGTON AGRICUL TURAL CENTER 
P. O. BOX 40747 

NASHVILLE. TENNESSEE 37204 

JIlIWU'J 29, 19'79 

Gary T. lVIyf'r�, E.xe(.u{,ve O " eUuf 
Roy H. Andef$on, A�s't. O " t'C\<jr 

Re: Progr_tic Draft Environmentel Impact Stat_nt - U. S. Department 
of Enerlg' - Fuel Ulle Act 

!he Tennesllee lIildlife RellOurces Agenc,. has reviewed the referenced docu.ent 
and offerll the following co_entll. All stated in 1 . 1 ,  page 1 _ 1 .  "'1'be propolled 
action ill the iSlluance of regulations to imple .. ent the Full Use Act , a Congrell
lIionell7 mandated progr .. prohibiting the cOMtruction of new powerplllDts 
without the capacit,. for utili�ing coal or elternate fuels IlDd prohibiting the 
Ulle of natural l1li" or petroleum as the primary enerB1 lIOurce in new poverplantll 
and IIFBI boiler". Th" FUA 81110 relltricts, through mandato..,. and d18cretionar;r 
prohibitiOM, the use of natural IIIIs and petroleum u primary enerB1 lIOurCes 
in exi .. ting powerplanh and IIFBI ' s." (llajor Fuel-Burning Installationa with 
a fuel input rate of 100 .mill1on Btu ' s  per hour or greater ) .  

!h e  IItate o f  renne .. see ranked 1 1 th out o f  the tw.lve major coal producing stat.s 
in 19'74 in to tel tOM produced annu.n,.. In 1m the State Departooent of En.rB1 
reported a total of 10,320,000 toM produced. This production co .. s fro. mine" 
within the Bureau of Mines Di"trict 0 and 13, Centrel IlDd South"rn Appalachia 
portiOM of Tennell".e. 'l'h18 coel ill high Btu .. edi ... IlDd high-volatile bi tumi
nou". Th. Cumberland Plateau ph7"iographic region 18 the primary lIOurce of 
coal produced in Tenne."e •• 

'lbe impact of the FUA on the wildUfe and fishe..,. rellOurce" of T.nne".ee will 
be relat.d to the incr .... d coal production on the Cumberland Plateau and lIOun
taina. Secondar;r impacts are expected fro. increalled haulage b,. trucks, rail 
IlDd barge. Approximately 6"" of the "tat e ' .  total annual production 18 trllll8-
port.d b,. rail ,  30" b,. truck IlDd � b,. barge. 

Increas.d coal mining activit,. in the plateau region hall the potential for 
adver .. e impact" on the weter qual! t,. of str ..... 11 de.ignated b,. the Department 
of Interior u critical habitat for tha spotfiDed chub , !!;cbops18 !!!!.!!!!:l!!.. In 
addition, •• veral fi"h proclai .. ed threaten.d or endang.red in the lltate ...,. be 
i8pacted adver"el,.. 

1Ia. Bette Ollborne 
Pap 2 
JIlDUAr7 29, 19'79 

'1'be eight .... jor coal-fired powerplantll operated b,. TVA in the IItate presentl1 
cOll8llllle over 20,000,000 toM of coel annuall,.. lie do not expect &JI1 lIignifi
CllDt increalle in the cOMWllption of coel in Tennellllee from lIOurcell wi thin the 
IItate due to FUA. Over lIixt,. percent of the annual coal production of Tennellllee 
ill transported out-of-lltate to utilities in Florida , Georgia IlDd North Carolina ,  
while over thirt,. percent i ll  burned a t  TVA coal-fired powerplllDtll . 

Both the Obed National lIild IlD d  Scenic River in Tennellllee IlD d  the Big South 
Fork National River IlDd Recreation Area in Tennessee IlDd Kentuck:r are within 
the coel producing AppalachillD Districts. Increased mining throughout this 
area potentiall1 threat eM the aesthetics, wildlife, fillheries and in general , 
th. recreational rell5Ource8 of theee areas. 

Thank JOu for thill opportunit,. for review. 

JFS : ss 

cc: Mr. John !Cruzan 
Mr. HudllOn Nichola 
Mr. lIilbur Vaughan 
Mr. LaITJ McGinn 
Mr. Reid Tatum 
Mr. Harold Hurst 

Sincerel1 , 

'l'EIINESSEE IIILDLIFE RES01l1ICES AGEIICY 

-r //J � -'J..CZ'�'i/. f �. � 
James F. Sharber, Jr • • 
Environmental Planner 

W I 
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TEXAS 

o 

OFFICE OF THE GOVERNOR 
WILLIAM P. CLEMENTS. JR. 

GOVeRNOR January 18, 1979 

"is . Ruth C. Clusen 
Assistant Secretary for Environment 
Department of Energy 
Washington, D .C .  20461 

Dear Ms . Clusen: 

The Draft Programmatic Environmental Impact Statement for the Fuel Use 
Act has been reviewed by the Budget and Planning Off ice and by interested 
and affected State agencies. 

The comments of the reviewing agencies are enclosed to assist your 
planning �fror t .  If this Office can be of further assistance , please 
contaCt u s .  

Enclosures 

EXECUTIVE OFFICIE BUILDING 

Sincerely , • 

r� f0 ;{AUifov 
Tom B .  Rhodes, Director 
Budget and Planning Office 

41 1 WEST 13TH STREET AUSTIN, TEXAS 76701 \' '�. - :." 

Enqi neeri ng Extens ion  Service  ( Texas ) 

TO : 

F1WH: 

AGENCY REVI!W TRANSMITTAL SHEET 

Ken GordOn ' Budget and Planni
_�1!. Off lc4! � 

Engineering Extension Service !Jate Sen t :  12/20/!..! . 
________ Da te D"e : 1/4/7'!... __ 

SUBJECT: Draft Proarammat1c Enviroament81 Impact S t���_t __ Refer : EI S:..8-01� 
Fuel Use Act 

We have raviewed the c it ed document and our cOUTl'l!('nt �  as tIl the adeqllacy of l r C'.1 t lT1(,� n t  (I 

cnvi ronmt.·ntal e f f ec t s  of concern are shown below : 

1 .  

2 ,  

Ch€( kiX) for c1ch I t , 'm 

--

- -----� � -- - - ! 
None COI'\1l'i.�n f , nc J ' l '  L'r !  

Add i t i ona l  spec i f ic e f fe c t .  whic h should b�-�l�p�"ed�
_

=[-� _�._�� _ - . .  - -
. ; 

Add i t i on�ll .3 l te rn.1 t ivc8 which should be ron c- id e r r.d : I 

--

-

--

----

-

---

----

-

--

--_

. 

-

--

--
-

-
-

J .  BC' t t e r or IDQ r e  approp r i at e  me8sur�8 and s tandard::; '-.' : 1 1  r.h 
shou lc. be u s ed t o  t!va luate environm�n t a l  e f fe c t s :  

.------�---.. 

4 .  Add i r. iona l cont r o l  mca!lU[�� which Rhould b e  ,1p p l i l�cI to 
reduce adv e r se envir onmen t a l  e f f ec t s  o r  to avoid o r  

mi nj mi ze the irreversib le or i r r e t rieyabh� c ornm i r mt:nt 

o f  r e s o u rce s :  

� .  Our a ssC!ssment o f  how serious t h e  environmt"l1 t a l  d,1m.lr.('· 

from this pr0j cc t might b e ,  using the h e a t  a l t e rl\a t {v� 
and control measures: 

- .--- - - � - - -.-.. ··· 1 
! 

I I 
. .  _---- ---" ' --j 

tJ .  We idf':nt i fy i s !'>ues which requ i re further d i sc u s s ion o r  

reso lu t ion : 
r� Thid l1 � t�n('y concurs with the implemen tat ion of t h f. �  r r oJ I,-'C' t .  

�l This agency docs not wish t o  C O'!IIr.lC'nl f)" t he subj E"f.. t ,�oc\lmcnt becau s e :  
A s  a techni c a l  ass i s tance and trai n i ng organi zation w e  d o  not 
have i n formation  or the expertise to effect i ve l y  part i c i pate . 

En :::: losu r e ( s )  

t .. , L ' ... , � � . (; ,- 1 \ ' ,.-
• .i l.. I.. V I- I '  

DEC 28 me 
:Budget/ hdl l flil1g 

J //� ��/Phi l liN��.!2l.a.�.t . .QiIector . .  __ . _ __ ___ .. 
Name and T i t le of Rev l f> ... · {ng O f f ic ial 

W I 
N 
CO 



Rai l road Commi s s i on of Texas , Gas Uti l i t i es Di v i s i on 

R A I L R O A O C O M M I S , I O N  O F  T E \  \ 5  
G A S  U T I L I T i E S  D I V IS IO N  

JQSl P H  J .  P ' O T R O W S K I ,  J R .  JDHN M.  POIERMIER,  C". I  • •  u 
• •  CI •• L L A e l ,  C ••• I ..  i ... . . J •• IE) I .  IJ'.' M U G I N ' ,  C .... ",I ..  I." •• 

{m'�';:;"',
'�>'��\ 

ir , � ;  
\� . �j 

O I  •• �I.' 
T HO M A S  H. H I L L  
A • •  I .... nl O i.act", 

..
.......................... 

.-O-: __ =,__---_,_---,-=-.:-::.:-::":::O.L·:-"-=-.-=,-=.o..: •. =.:-.-=o-" 0".".= .. ".--:,"'_,,-:: .. :--._--__ -.. -_--,_-_-_-_-. - - - -- " ----
_

. I I '  SOUTH CO"'G .. �n 

MEMORANDUM 

TO : A l l  l n t e r e s ted P a r t i e s  

FROM : J e f f  Brown i n g , Hear ings Exami n e r  

DAT E :  January 1 5 ,  1 9 7 9  

\\t.\'\.\'� t.\} 
, Q ,,,1" 

'3"" ." 

�U\\,&e.\/\'\'b:'.(';\"'i-
SUBJECT : Respo n s e  of Gas U t i l i t i e s  D i v i s ion , R a i l road Comm i s s ion 

of T�xa s ,  to Environme n t a l  Impa c t  S t a tement on t h e  
I s suance o f  Regu l a t ions Impleme n t i n g  t h e  F u e l  U s e  Ac t .  

The purpose o f  th i s  Memorandum i s  to s u bm i t  t h e  response o f  
thE' Gas U t i l i t i e s  D i v i s ion t o  the Envi ronme n t a l  Impa c t  S t a t ement 
on the I s suance of Regu l a t ions Imp leme n t i n g  the Fue l Use Ac t .  
w h i ch was d i r e c ted to the Gas U t i l i t i e s  D i v i s ion by the Gove rno r ' s  
O f f i c e . 

The Powe r p l a n t  and Indu s t r i a l  Fue l Use Act o f  1 9 7 8  ( he r e i n '  
a f t e r  " Fu e l  U s e  Ac t " ) ,  p a s s ed b y  Con g r e s s  a s  p a r t  o f  t h e  N a t i o n a l  
Energy Ac t ,  p r o v i d e s  for the mandatory conve r s ion o f  e l e c t r i c  
powerp l a n t s  and m a j o r  fuel burn i n g  i n s t a l l a t i ons ( he re i n a f te r  
" HFBI ' s " ) from the u s e  o f  n a t u r a l  g a s  and pe t ro l eum t o  " a l t e rn a t e  
fuel source s , "  wh i c h  inc ludes a n y  f u e l  o t h e r  t h a n  n a t u r a l  gas o r  
pe t ro l eum . Th i s  l e g i s l a t ion d i re c t l y  impa c t s  t h e  ope r a t i o n s  o f  
the Gas U t i l i t i e s  D i v i s io n  under Tex . R . R .  Comm ' n ,  G a s  U t i l .  D i v . 
Subst�nt ive Rule ( 0 5 1 . 04 . 0 3 . 0 1 8 )  -;-Wh i� p re ,; c r i  bcS-the program 
�t� i m i n a t ion o f  n a t u r a l  gas as a bo i l e r f u e l  in Texas . 
Th i s  program was o r i g ina l l y  e x p r e s s e d  in t h e  Amended O r d e r  on 
Recon s i de r a t ion o f  Gas U t i l i t i e s  Doc k e t  N o .  600 ( Ma rc h  3 ,  1 9 7 6 ) .  

In the fo l lowing paragraph s , the b a s i c  prov i s i ons o f  t he Texas 
boi l e r  f u e l  program under Docket 600 and the fede r a l  coal conve r '  
s i on program und e r  t h e  F u e l  U s e  Ac t a re o u t l ined . Then , the 
c on f l i c t s  between these programs a re d i s c u s s ed . 

The Texas program was e x p r e ssed duri ng a p e r iod when the 
c on t i n u ing and increasing s ho r t age o f  natural gas was commo n l y  
a c c ep t e d . The Order i n  Doc k e t  600 was a d i re c t  o u tgrowth o f  t h e  
seve r e  c u r t a i lmen t wh i c h  o c c u rred i n  t h e  T e x a s  i n t r a s t a te marke t 
d u r i n g  the w i n t e r s  o f  1 9 7 3  and 1 9 7 4 . Th e Ra i l road Comm i s s ion 
foresaw a need to conve r t  the d�ind l i ng n a t u r a l  gas s u pp l i e s  f rom 
use as bo i l e r  fuel to use i n  r e s i den t i a l  and comme r c i a l  s e rv i c e .  

Memorandum t o  A l l I n t e re s t e d  P a r t i � s 
J a n u a r y  1 5 ,  1 9 7 9  
I)age 2 

There fo r e . L i l e  Comm i s s i o n  expre s sed a prog ram 'Wh i c h  prov ] cit'd f o r  
A. gradu a l , o r d e r l y  r e d u c t i on o f  n a t u [' a l  gas ,1 ::; a bo i l f' r  f u e l i n  
Texa s . 

DockC' l 6(;0 ba s i c a l l y  p rov i de s  a ·�('hedu l {· [ � )r  t h e  r e d u (' ! J o n 
o f  n � t u r a l  g � s  as a b() i l � r  fu e l , w h i c h  i s  h a s P(j upc)n t tl� p{'.l k u S P  
by any c nn',um c r  o f  n a t u r a l  g a s  3 �  a bo i l � t· fu r l lJu r i n g t h e  c a l � n 
d a. r- .. ·('�: r �; 1 9 7 4  ann  1 9 7 5 .  The con sume r i s  rf'qu i re d  to r,,-,rlu('�  h i �  USilg�' hy ] 00;0 o n  J a n u a r y  1 ,  1 9 8 1 , and �'Y L 5�� o n  J a n u a ry I .  I (JKc) . 
Howev e r ,  s (-'v e r a l  e x c e p t. i ons to t h i c;  s c h (· du l �' d rp p n)\ ' i l , � 'd . 
F i r s t . t h e � rogram i !->  e � p rc s s L y  <Jpp l i c (� h l t' n n 1 :.' t o  c o n s um e r s  •• :ho 
u ::> e  i i : e x c e s s  () f 3 , 000  Hc f/D (I f n ., l u r a l  gas ..i s  <I bo i l e r  l U l ' I .  
Seconrl l y , e x i s t i ng n a t u r<l l g a s  c; a l e s  c on t l" ;) (' t s  I .. :h i c h  (> x u·nd i n t o  
t he pl..' l " i r, d s  p rov i ctc d  i n  t h e  5 c h r<ilJ l p  d T" ( '  (',<'mpt f n llil r(,duc t i o n  � ; n  
l on g as t he c on t r a c t s  are not. mod i f i ed so <l S lo (�x t e nd t h<' � �' nn 
or I n c r e a s�' t h e>  q u ,:m t l l Y  o f  n a L u r a l  gas u s e d  .IS .':l. bo i l e r  ftH' } , 
F i na l l y .  t he Conun i s s i on r e s e rv e d  t.ht,  r i gh t  to g r<i r. t  excf' p t l () :1 S  t o  
the program i f  i t  de l t� rm i ne d  t h a t  i t  i s  i n  tht· p u b l i c. i ll t c n.� s t  
t o r  n a t u r" a l  g d S  t o  b e  used a s  a b() i l e r  fu� l . 

The program provided i n  the Fu e l  l:sp Ac t is som�\o.·h<1 t mn rt:' 
hrodd i n  i t � appl i c .i t i on than Uoc k e t  600 , s i nc e  the Fue l U s r  Ac t 
a pp l i e s  to b o t h  n a t u r a l  gas and p e t ro l eum , The Fue l U s e  A c t  
expre s s l y  a pp l i e s  t o  po'We rp l a n t s  a n d  H F B I ' � .  f h e  t L' rm 
"powe r p l ant " is d e f i ned as any s i n g l e  e l ec t r i c a l  gene r a t ing u n i t 
wh i c h  h a s  t h e  d e s i gn capab i l i t y to consume at l e a s t  100 HHRTV pE: r 
hou r , or a comb i n a t i o n  of two or more C' l f' c t. r i (>l l g C lle ra t i n g  tl n l t. �  
wh i c h  hdve t b e  d e s i gn c ap ab i l i ty o f  (, (,!""! c; '.lm i T ' ,� .'I T  l e a s t  2 5 0  MHBTU 
p(' r hou r .  The t e rm " m a j o r  f u e l  bu rn i ng i n s t a l l a t i on " is s i m i l a r l y  
d (> f i ned a s  any i n s t a l l a t ion , o t h e r  t.han rio po\o,:e r p l an t . 'Wh i c h h a s  
t h e  df' s i gn c.,pab i l i t y  t o  consume a t.  l e a s t  1 0 0  MMRTU p e r  hou r .  

The F u e l  U s e  Ac t d i s t ingu i stws b E' t \.:e e n  t ';-;: i s t i ng po�eqJ l ;t n t. s  
a n d  M F S !  ' s ,  a n d  " ne�rr po�e rp l a n t s a n d  H F B I ' s .  Nc\o.' po�(> r p l a n r s  o r" 
M F B 1 ' s  d re proh i b i ted from u t i l i z i ng n .J t u ra l  g,lS o r pe t ro l (�um a s  
a p r i ma ry fue l .  HO\o.'t-ve r .  ex i s t i ng ro\o.'e r p Lm t s  a re a l l o\o.'f'd t o  
u t  i 1 1 7.e n a t u r a l  gas a s  a p r i nlary ene rg�' sou rc (' u n t  i 1  J anu.,ry 1 .  
1990 . The S e c re t a ry o t  Ene rgy i s  a u t h o r i zed t o  proh i b i t. the u s e  
o f  n a t u r a l  gas o r  pe t ro l eum i n  .:.In exi s t i ng po�e rp l a nt o r  � F R I  i f  
the S e c re t a ry d e t e r"m i n e :. tha t the �o�e rp l <1 n l  o r  HFB I h a s  o r  
p r e v i ou s l y h a d  t he t p c hn i c a l  c d p a b i 1 i t y  t o  li s e  c n " l  o r  ano t h e r  
a l t e r n a t e  [ u e l  a s  ; t  p r i m a ry ene rgy sour�:{' \o.' i t ho u t  subs t ;:l n t i �1 1  
phy s i c a l  mod i f i c a t i oll o f  the u n i t  o r  sub�, t an t i <t l  redu c t i oll i n  the 
rdted capac i t y of the u n i t ,  ' a n d  that it  i s  ti n.1tlc i a l l y  f e a s i b l e  
t o  conve r t  t h e  u n i t  f rom n a t u r a l  gas o r  p e t  ro 1 e um t o  a n o t h e r  
fue l .  Enum·.: r a b l e  procedures a re p ro v i d e d  for t h e  g r a n t i n g  o f  
ex�mpt i o n s  t o  a l lo� t he c on t i nu e d  u s e  o f  n a t u r a l  gas o r  p e t rol eum 
as a p r i ma ry f u e l  In Doth ne\o: and ex i s t i r, g  po .... ·e rp l a n t s :tncl 
M F B l ' s .  

The bas i c  d i f fe re n c e s  be t�een the Texas p ro g r am und e r Doc k e t  
6 0 0  a n d  t h e  Fede r a l  p rogram u n d e r  t hp Fut: l lis e A c t  .1 r e  a s  
fo l l ows : 

W I 
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Rai l road Commi ssion of Texas ,  conti nued 

Hemorandum to A l l  I n t e re s ted P a r t i c s  
January 1 5 ,  1979 
Page 3 

1 .  Docket 600 app l ies on l y  to t h e  use o f  n a t u r a l  gdS as a 
boi l e r  fue l whereas the Fuel Use Ac t appl i e s  to any u s e  of bo t h  
natural gas and pe t ro l eum a s  a fue l .  

2 .  The area o f  app l ic ab i l i t y ,  as d e f i ned by the vol ume o f  
use , i s  d i fferent for t h e  two programs . I n  t h �  Texas program , 
appl i c ab i l i ty is measured in t e rms of vol ume of n a t u r a l  gas u s e d  
b y  an indiv idua l . Thu s , an i n d i v i d u a l  w h o  u t i l i z c s  3 , 000 Mc f/D . 
or more , is covered by Docket 600 . On the o t h e r  hand , the fed e r � l  
program de fines i t 3  app l i c a l ion i n  t e rms o f  t h e  v o l ume o f  f u e l  
which i s  consuroed by a p a r t i c u l a r  powe r p l a n t  o r  MFB I . O t h e rw i s e , 
the required vol ume of use is f a i r l y  compa ra b l e  f o r  the two 
programs , s ince 1 0 0  MHBTU p e r  hour i s  approxima t e l y  equal to 
2 ,400 HdlD. 

3. Docket 600 makes no d i s t i n c t ion be tween exi s t ing antI 
new users o f  natural gas as a bo i l e r  f ue l . Al l u s e r s  of n a t u ra l 
gas as a boi l e r  fue l are requ i red to comply w i t h  the schedu le 
provided i n  Docke t 600 . On the other hand , the F u e l  Use Ac t 
d i s t inguishes between "ne\r.''' and " e x i s t ing" powerp l a n t s  nnd 
HFBI ' s .  

4 .  F i na l l y ,  the t ime frames o f  the two programs are d l s 
t in c t l y  d i f feren t .  Docket 600 has n o  e f fec t upon the consump t ion 
of natural gas as a boi l e r  f u e l  by any pe rson p r i o r  to January 1 ,  1981 . At that time , the u s e  o f  n a t u r a l  g a s  a s  a boi l e r  fue l by 
that person mu s t  be reduced by o n l y  1 0% .  The rea f t e r . on 
January 1 .  1985 , the use o f  n a t u r a l  g,lS a s  a bo i l e r  fue l must bf' 
reduced by only 25%. Und e r  the fue 1 Use Ac t ,  on t h e  o t h e r  hand . 
new power p l i:l n l �  and HFB I ' s  are en t i re l y  proh i b i t eu f rom u t i l i z i ng 
nstural gas or p e t ro l eum a s  a p r imary ene rgy s o u rc e . Exi s t  ing 
powe rplan t s  are requ i red to t o t a l ly conv e r t  t o  a l t e rn a t e  f u e l s  by 
January I ,  1 990 . 

Obviou s l y , Docket 600 and t h e  fuel U s e  Ac t con f l i c t  in milny 
respe c t s .  C e r t a i n l y , whenever the F u e l  Use Ac t p ro v i d e s  a mo re 
s t r ingent requi remen t ,  t h a t  Ac t wi 1 1  preempt the Texas p rogram 
under Docket 600 . For examp l e , the Fuel U s e  Ac t c e r t a i n l y  compe l s  
the e l im i n a t ion o f  n a t u ra l  g a s  a s  a p r imary ene rgy s o u r c �  i n  ne� 
powe r p l ants , wh i c h  is not requi red i n  Docke t 600 . Howeve r .  it i s  
unc l e a r  whe ther the S t a t e  o f  Texas can impose more s t. r ingent 
requi remen t s  under Docket 600 t h a n  a r e  imposed b y  t h e  Fuel L:sc 
Act . F o r  examp l e , Docket 600 wou l d  requi re a 1010 redu c t  i o n  i n  
t h e  use o f  natural g a s  by an e x i s t ing powe r p l a n t  b y  J .1 n u a ry t ,  1981 . The fuel Use Ac t would not requ i re any reduc t i on i n  n a t u r a l  
g a s  consump t i on b y  an e x i s t ing powe r p l a n t  u n t i l  J an u a ry I ,  1 990 . 

The con f l i c t s between the fede r a l  and s t a t e  programs nt�y b e  
e l iminated by a r e v i e w  o f  Doc k f> t  flOO C' u r r e n t l y be i. ng C OndU l.. Leti b y  
t h e  Comm i s s ion u n d e r  G a s  U t i l i t i e s  Doc k e t  No . 1 0 5 5 .  On t h e  d ,q t e  
o f  th i s  Memorandum , t h e  Comm i s s ion i s sued an O r d e r  wh i c h  i n t  t i a t. e s  
a r u l emaking proceeding to det ermine \fhe t h e r  D o c k e t  6 0 0  shou l d  be 

Memorandum to All I n te re s ted P a r t i e s  
J a n u a ry 1 5 ,  1 9 7 9  
P a g e  4 

repe a led or othe"" i s e  mod i f i e d . Undoub t ed l y . the p a s s a g e  n f t h (· 
F u e l  U s e  Ac t i n f l uenced the Comm i s s i on ! s a c t ion i n  Docke t 1 0 5 5 .  
Howeve r ,  anot h e r  p r imary f a c t o r  was t h e  s u rp l u s  o f  na t u r a l  g a s  
wh i c h  c u r r f>n t l y ex i s t s  o n  the i n : r a 5 t � t �  Illd l �e L .  

The Gas U t i l i t i e s  D i v i s i o n  o f  the R a i l road Comm i s s i o n  s u bm i t s  
t h e  above comme n t s  t o  the Env i ronmen t a l  Impa c t  S t. a t em e n t  o n  t h e  
I s s uance o f  Regu l a t ions Imp l eme n t i ng the Fue l U s e  Ac t .  Any 
f u r t h e r  que s t i on s  regarding t h i s  ma t l e r  may b ('  d i re c t e d  t o  t h e  
S t a f f  o f  the G a s  U t i l i t i e s  D i v i s ion a t  t h e  above addre s s .  

JHB/db 

{ML/l ·  "-':';> : ( /  F<:- -
J e  rownli ng 'j �e a r i ngs Exam i ne �  / i 
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TEXAS PETROLEUM; RESEARCH COMM ITTEE 
Tall AlII ...... 

Mr. Kenneth G. Gordon 
Economic Developaent and 

Transportation 
Budget and Planning Office 
Office of the Governor 
Executive Office Building 
411 West 13th Street 
Austin, Texas 78701 

Dear Mr. Gordan: 

"'Ir. C ....... Df Trlfll. UnlllCl'.illl DI TezGS 

January 4 ,  1979 � 

.,fASf _'PI' UI, OffICE Of THE O'aKh � 
'l".AS rnIOl(UM If"'f".( H ( ()MMnHf HXAS "&'M llNIUISIIY COltfCE SU.'ION. lUAS 1:'"".1 

� .  <... � � · S· , !!! � 
� � .. 'i' c:.." .� � ,., � � :li 

Your JDeIIIOrandUIII of December 20 to 'Paul Crawford , Texas Petroleum 
Research CaIItlittee at Texas AIlM University, and others , asked for review 
and COlllllellt of the Draft Programmatic Envirorvncntal Impact Statement on the AIel Use Act. Dr. Crawford called this to my attention and I "'ish to -.ke one or two CQIIIIents. 

First, the report indicates (page 1-8) that the major terrestrial 
ecological impact will be in Supply Region S, which includes Texas . 
Based on this conclusion, I suggest that you might wish to have this 
Impact Statement reviewed by appropriate land management or agricultural 
people within the state. 

Second, I note on page 1-11 a statement on costs assoc iated with 
fuel substitution canpared to costs related to oil and gas . You may 
wish to ask someone to examine this question further. 

The question of substitution coal for gas involves predictions of 
natural gas supply and there is a great deal of recent thought that 
natural gas supplies have been tmderestimated. I enclose a copy of an 
Executive Sullaary of the workshop on "R&D Priorities and The Gas Energy 
�tion" held in Aspen, Colorado, last SUllller .  The conclusions of this 
workshop appear to show a greater promise for continued use of gas than 
was previously thought to be the case. 

Mr. Kenneth Gordon 
Page Two 
January 4, 1979 

Gas may be obtained , of course, frCHn the tmdergrotmd gasification 
of coal as well as from above-grOWld gasification of coa l ,  but in either 
event ,  the electrical generating facility would burn gas and the environ
mental impacts would be different than if the coal were burned <lirectly. 
You may wish to have someone examine this point more thoroughly. 

From the standpoint of fossil fuel production, which is the primary 
responsibility of TRPC, there do not appear to be any relevant matters 
within the Draft Programmatic Environmental Impact Statement. 

Sincerely yours, 

Attachment 

cc: Dr. Paul Crawford 
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Scott M. Matheson 
Governor • Kent Briggs 

Sute Planning Coordinator 

STATE OF UTAH Office of the 
STATE PLANNING COORDINATOR 

118 SUIte C.pitol 
$II, Lake City. Utah 84114 

1801) S33·5246 

December 6 .  1978 

Ruth C.  Clusen 
Assistant Secretary for Environment 
Department of Energy 
Washington . D . C .  20461 
Dear Ms . Clunsen : 

The Utah State Environmental Coordinating Committee 
has reviewed the Draft Programmatic Environmental Impact 
Statement for the Fuel Use Act .  The Committee offers no 
comment . 

Thank you for the opportunity to comment .  

LT/j b  El 

Sincerely . 

X�� 
Lorayne Tempest 
Assistant State Planning 

Coordinator 

VIRGINIA 

� 

COMMONWEALTH of VIRGINIA 
Offict Df 1M Goo ......... Maunce B. Rowe Riel",,,,,,,, 23219 November 28. 1 978 Seer-," y 0 1  Comml'eI Ind Re.ou.e • •  

Ms. Ruth C. Clusen 

As sistant Secretary for Environment 
Department of Energy 
Washington. D. C. 2046 1 

Dear Ms. Clusen: 

On behalf of Governor Dalton thank you for giving us 

the opportunity to review and make comments on the 
Departmentof Energy ' s  Draft Environmental Impact 
Statement for the coal and alternate fuels program author
ized by the Power Plant and Industrial Fuel Use Act of 
1 978. DOE-EIS-0038-D. 

We have been in contact with the Virginia State Clearing

house and just as soon as they receive the draft it will 

be shared with the State agencies that will be involved. 

Comments will follow as suggested. 

Sincerely, 

7i::aiH� 
c c :  Dolly Collier 

George L. Jones 

Office of the Governor 

Assistant to the Secretary 
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COMMONWEALTH 0/ VIRGINIA 
J. 8. JACKSON. JR. 

ADMINISTRATOR 

Mr. Steve Frank 
.Department of Energy 
Division of Coal Utilization 
Room 7202 
M Street ,  N.W. 
Washington, n.C. 20461 

SUBJECT: Fuel Use Act 

Dear Mr. Frank: 

COl/neil on Ihe flll'irollmelll 

February 14, 1979 

903 NINTH STREET OFFICE aUILDING 

RICHMOND 1321 9  804·786-4500 

Thank you for the opportunity to review the subject Draft Environment Impact 
Statemen t .  It is a responsibility of the staff of the Council on the Environment 
to coordinate the State ' s  review of Federal environmental impact statements and to 
transmit the CODInents of the State to the responsible Federal officia l .  The State 
Agencies which participated in the review of the subject document are listed below : 

State Department of Health 
State Air Pollution Control Board 
State Water Control Board 

At this time the CODIDOnwealth of Virginia has no objections to the proposed 
action . The environmental impacts which are documented do not appear to be 
particularly significant at the generic leve l .  Specific projects undertaken in 
response to the proposed action can and will be reviewed individually by agencies 
of the State as appropriate . 

The individual comments of Virginia agencies are enclosed for your information. 
We look forward to reviewing the final document upon completion. Do not hesitate 
to contact me if you have any questions or if I can be of further assistance . 

Sincerely , 

� 
Administrator 

JBJr/gcj 
ee: The Honorable Maurice B. Rowe, Secretary oi Commerce and Resources 

�� < '  \,'(:0 

JAMES 8. K(NllY. M.D 

TO: 

FROM: 

DATE: 

SUBJEC}': 

COMMONWEALTH of VIRGINIA 
Department of [-halth 

Richmond, fla. 2']219 

MEMORANOOM 

Reginald F. Wallace, Environmental Impact Statement 
Coordinator 

Oscar H. Adams, P. E. , Deputy Assistant Commissioner 
for the Environment 

February 2, 1 979 

Draft Progra mmatic Environmcnta,l lmpact Statement Fuel Use Act 

The above referenced proj ect has been reviewed by the Division of Water Pro
gram s  and based on that review, It appears that the proposed project is com
patible with the plans, Obj ectives, and programs of the Virginia State Health 
Department. The Department endorses the proj ect and recommends its ap
proval. Comments are a ttllched. 

""or '- ; ,  : 
OHA/jc :'::,l (" / 
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Oscar H. AdllllS, Deputy Assfsunt ConI1ssfoner 
for the [nvfrcmlllllnt 

lebruery 2 ,  1 979 

�. R. SUtherland, P.E. , Df rector, Bureau of wastewater Engfneering 
,' .. R. JIII_r, P . E. , Df rector, Bureau of "'ater Supply Engfneering 

Draft I'J'ogre_tfc EnvfronlM!ntal Impact Sutement 
Fuel Use Act 

Both of us have revf ewed thfs project and ffnd that although there wf l l  be 
fncreased adverse envfronlM!ntal fmpacts (due to fncreased coal mfnfng and 
coal utf l f zatfon at power plants ) ,  ft appears that the proposed actfon must 
be concurred wfth fn vfew of crftfcal energy requfrements. Specfff c  cases 
that might endanger publ fc water suppl f es or that might sfgn f ffcantly affect 
stream water qual fty can stf l l  be addressed fndfvf dual l y  as they come up. 

Wfth the above fn mfnd, we concur wfth the proposal . 

JRS/ARH/RBT/djv 

AXEl, T. MATTSON, CWURMAH 

YORKTOWN <i> 
IE FOLGER TAYLOR. VICE CHAIRMAN 

$TAuNTON COMMONWEALTH of VIRGINIA 
EDGAR II. BOYNTON 

AICH"'OND 

EliZAilETH H. HASKell 

"�AFtTI;'IISV�LL[ 
CARL C. f:EOINGER 

ALEXANORIA 

State Air Pollution Control Board 
ROOM 1 108. NINTH STRUT OFflCf ttUILOl:otG 

RICHMOND. "VIAGI:otIA 23219 
TfLf:�ONf:; j�1 786-23"18 

February 9 ,  1979 

Hr . Reginald F. Wallace 
Environmental Impact Statement Coordinator 
Council on the Environment 
903 Ninth S treet Of fice Building 
Richmond , Virginia 23219 

Dear Mr . Wallace : 

\.Je have reviewed the d r a f t  EIS 011 the Fuel Usc Ac t and have 
the followjng comment s .  

The document covers the a i r  qual ity  aspects o f  t h e  proposal 
quite adequately . Increases in Virgjnia ' s  S02 and Par t iculate 
concentrations are pred icted ns a result o f  this a c t ion . These 
increases are not expected t o  cause violat ion of  any air quality 
standard . 

W . ft . M E Y E R  
I:XECUTIVE OI!'\f(';TOR 

The EIS also notes t hat each individual action result ing from 
this Act will need a review, and our regulations already provide for 
thi s .  This r(>view will ensure that the air quality impact of shi f t ing 
to coal will he min imized . 

Sincerely, 

�.(��::::-j�lrector 
Division of Operat i on s and Procedures 

JCR/WPP/pjg 

''An Equal Opportunity f:.'mnll)�"eT" 

W I 
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COMMONWEALTH of VIRGINIA 
R. V. D .... is 

EMalthe s.a.tary 

STA n: WA'/'E/( CON'fIW/, HO. I IW 
2 1 1 1  lI�millon Street 

Po,t Office Box 1 1 143 
Richmond. VirginIa 23230 

18041 257.()056 

Hr. Reginald F. Wal l ace 

January 26 . 1 979 

Envi ronmenta1 Impact Statement Coordinator 
Governor ' s  Counci 1 on the Envi ronment 
Ni nth Street Office Bui l d i ng 
Ri chmond. Vi rgi n i a  2321 9  

Ilea r Reggi e :  

RE : DE I S-Fue1 Use Act 

�';;;"�'" /'.1..\'LuZ:JJ'_" J/ _ 

/,\->
1.. :r��: 'i) ':;\�, ; 1 

_1 I . i Colonci! Or.: 
r,', \ t.'1:J' \.. Envimr.nicnf .. �" 

\'" ..... 1':��/ . ........ . . ' ' �.;. " 

BOARD MEMBERS 
Millard B. Rice, Jr. 

Ch.lrmM Gtor� M. Cornell 
Vic.Ch�i'm.n 

Col. J. Leo Boura ..... 
W3rTen l. S,....,n 

Kenneth B. Rollins 
Willi:M'T'l l. Tata 

R. Alton Wright 

We have reviewed the above-referenced DE IS,  Asi de from the obvi ous effects 
mi ning  has on water qua l i ty .  we feel that the document has done an adequate 
job of address i ng the water qual i ty problems and proposi ng poss ibl e mi t igati ng 
measures. 

Thank you for the opportuni ty to review thi s  E I S .  I f  you have any questions , 
pl ease feel free to cal l me .  

Iscc 

cc: Raymond E .  Bowl es 
[IS Fi Ie 

Sincerely .  

j:;&,ff,� 
Bureau of Survei l l ance 

and Field Studies 

WASH I NGTON 

ft � 
STATE OF 
WASHINGTON 
Dncy Lee Ray 

Gouernor 

December 28. 1978 

.. 0 ." 
� � DEP�RTM�n OF ECOLOGY Otym""fWlI<;hing!� QfI<,fl4 206I7!l..1 28('(1 
:;Hail �top PV-ll 

Mike Mills. Policy Analysis Division 
State of Washington Off ice of 

Financial Management 
House Off ice Building 
Olympia. Washington 98504 

Dear Mr. Mills : 

This 1s 1n response to your request for comments on the Federal 
Department of Energy draft environmental impact statement concern
ing the Fuel Use Act .  Our only comment is to echo the statement s  
in the E I S  concerning a ir quality. Since the Federal Clean Air 
Act se t s  spec i f ic increments of air pollution increase which shall 
not be exceeded , increases resulting from conversion to coal must 
be compensated for by applying addit ional controls to exist ing 
sources and/or restric t ing development of new source s .  These are 
d ifficult tradeoffs and must be recognized as· the Fuel Use Act is 
implemented. 

Sincerely, 

, //�f"/ ( :: Elwell 
Environmental Review Section 

TLE : bjv 

cc:  U .  S .  Department of Energy 

W I 
W 
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STATE OF WASHINGTON 
OFFICE OF FINANCIAL MANAGEMENT 

[)Ix . .... RIoI 
Gowr_ 

_ OIb _ """""· W_... .... -
Orin C. Somh. Dinoc'OO' 

J'ebru.r:- :
. 1979 

Mr. Steven A. Frank. Chiaf 
la9ir�tal Evaluation Brancb 
Diviaion of Coal Utili.ation 
Offica .qf ruala leaulation 
Depart_t of EnarlY . 
10 .. 7202 
2000 It Street .  '.W. 
wa.binaton. b;c. 20461 

Dear Kr .  Frank: 

levi ... of tbe draft anviro_tal _act .tat_nt for Fuel U .. 
Act haa baen cOllplated by aaanci •• of tbe State of Wa.binaton . 
Tha revi ... va. eoordinated by tba Office of Pin""clal Mll.naa_nt • 
.. tba duianated .tat. cl .. r1nabouse. CoaMnU _re recaived 
fro. the DepartMnt of kololY' The Depart .... t. in tbeir concern 
on air quality atandards .  not •• tbat aince tbe Federal Clean Air 
Act .eU specific incr_antB of air pollution incr ..... vbicb 
• ball not be exceeded. incr .. su in alr pollution reaultina fro. 
conver.ion to coal au.t be ca.pen.ated for by applyina additional 
cotltrole to e"iatina aources . and/or ra.trictina devalopment of 
_ .ourcea . The .. are difficult tredeoffa and ... t be recoanhed 
aa tba rual

'
Use Act i. iaple.ented. 

We underatand that the DepartJlallt of Eneray will reapond directly 
to the Depart.-nt of koloay' a  concern. 

Tbank you for tbe opportunity to review tbe doc_ent. We bope 
you find tbe ca.aent. uaaful in preparina tbe final EIS. 

'UH:db 

Sincerely. 

�� 
TboIoa. A. llahar 
Aaal.tant Diractor 

WEST V I RGINIA 
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Mr . Steven A .  : Frank . Chie1 
Environmental Evaluations Branch 
Divi s ion of Coal Ut i l i zat i on 
Office of Fuels Regulation 
Department of Energy 
Room 7 2 0 2 
2 0 0 0  M Street . II . W .  
Washington . D .  C .  2 0461 

-
February 2 .  1 9 7 9  
Fi l e :  PIIRS -E 

Re : Department of Energy - Draft Environmental Impact 
Statment for the Coal and Alternate Fuels Program 

Dear Mr . Frank : 

In accordance with Sec t i on 1 0 2 ( 2 )  ( C )  of the Nat ional Envi ronmental 
Po l icy Act o f  1 9 69 . the State C l ear inghouse has reviewed the above 
re ferenced project • 

Cop i e s  of the comments of Mr . Thomas V. Rei shman . Coal Po l i cy 
Analys t .  Governor ' s  Office o f  Economic and Community Development . and 
Mr . Walter N. M i l ler . Director. West Virginia Department of Mines , are 
enclosed for your further use . 

Th i s  w i l l  cert i fy that the requirements of the U .  S .  Offi ce· of 
Management and Budget C i rcular No . A - 9 5  have been met • .  

DSG : am 
Enc h .  
cc : Thomas V .  Rei shman 

Walter N .  Mi l ler 

S i n/fe lY •  . v�f�.I! /L" 
Dan i e l  S .  Green . Manage� 
Program Support Services 

.� 
W 
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CLEARINGHOUSE USE ONLY 

GOVERNOR'S OFFICE OF ECONOMIC AND COMMUN, j"{ DEvELOPMENT 
PROGRAM SUPPORT SERVICES 

DATE 
1 1 / 2 7 / 7 8  

WEST VIRGINIA STATE CLEARINGHOUSE 
ROOU B"�8. BUILDING t6 
CHARLESTON, WEST VIRGINIA 25305 

FILE NO' PNRS -E 

Comment. concerning this DEI: 
should ". 'k.i� by th/l oWe 

(DRAFT) ENVIRONMENTAL IMPACT STATEMENT 
(DEli) no I.,., rhM: 12/29178 

TO: Walter M i l l e r  
D1 TectoT 
Wes t Vir�inia Depa rtment of Mines 

FROM: Dan iel S .  Green 
Manager 
PrO£Tam SUDDon JieJ'vices 

DEIS DESCRIPTION: Dra ft Programma t i c  Environmental Impact S t a t emen t - Fuel Use A 

The a!tached (Dralt) Environmental Impact Statement is referred to your agency for REVIEW and 
COMMENTS. If your agency has an interest in this Statement and desires to comment on it ple.s. 
CHECK THE APPROPRIATE BOX. Your cooperation is .sked in relurning Ihis memO to the State 
Clearinghouse Office, indicating your interest or not. 10 days 'rom its receipt. 

o No comment (Please Indicate Reason In Space Below) 0 Comments being developed 

II Comments submitted herewith 

(Please use reverse lide jf additional space il needed) 

Reviewer's Signature Walter N . Miller 

Title Director. W. Va. Department of MiMe 

D Comments should more appropriately (or 
also) come from Agency(s) as listed below. 

W?JiflJJ0
�\O:. 1\ i :i?V -.' . \. \ 

Ot.C ?1. \91S 
. '  . • • " OI\,el 

... ,11. C\l" \'�C�\ "" ••. " , 

.. -

Date Dec:I!ni:ler 15 , 1978 
755-2051 , 

Telephone 755-2052 

WAL TIEA N. MILLER 
DIRECTOR 

,-"�S-i,,-;." � �, '7.lit ,t."' � !�M�J �� 
Jitah of �tlt 'irginia 

�rp.rI""nI of �in .. 
«� •• 1..ton lBO' 

RevieW of the Fuel Use Act 

EDWARD JARVIS 
Dl:PUTY OUIIECTO" 

with the prine eq:hasis presenUy placed on a greater dernan::l for 

�, at an accelerated pace there nust be lIIUIy areas of speculation. 

With a transition of a charge of fuel , new met:1xJds, new regulations, 

and the extreme vastness and outreach of the total 1oOJ'1d p:>pUlation ..ru.ch 

will to sare degree affeet each and every individual . I nust admit, I 

possess a small I!IIOOUnt of optani!lll in reviewing the Fuel Use l\ct. 

It appears that >eSt of the Mississippi new coal reserves in great 

nl.lltJers will be developed where mining has never occurred before. 

Transportation of coal by raU , and water can certainly be expected 
to increase significanUy. 

'1be disposal of uraented waste, roth 90lids and gaseous will be 

necessary. 

Disturbing the top a:>it fran surface mining will drastically increase, 

as well as erosion, water problEIIIS, and subsidence probl_ fran �

ground mining operations. 

A stable working industry, perfozming at maxinun efficienty will 

be vital. 
�ally speak.i.ng, in my opinion tWe is 00 God given mineral , 

element, or substance �ted, that ...tel the charactists change there 

..... 
W I 
W " 



will always be 9CIIII! type of tangables. With this trought in mind, I wish 

to smmarize rtry review with the following statsnent. 

Jnrrediate long range planning truSt begin as to the following: 

Safety Regulaticns int>lanented in hanrony with nrdern technology, 

teIlp!red with a great deal of cc.mron sense. 

A stable work force on the coal il'dustry is vital. Setting into notial 
new systsns and methods for the ret::JJVerY of coal. 

TakjIlg ex>rrective acti.cns row, in abating the existing problems as to 
land subsidance, mine water drainage, waste disposal, toth solid and gaseous, 

before 0CJIF0UIlding these prcblems with mxe and larger aleS. 

Adequate notificatial of persons who may be affected in any way with new 

developnent, and such developnents be properly engineered. 

Planning ocmnissions in c:amunities be included in such long range plan

ning, as for future !Dusing and industrial developrents. 
And finally I believe if the proper foresite is iJTplanented, and procedures 

are properly put in IIDticn rt:N, any transitial can cane about, and be success-

full, rut great Slphasis I!llSt be placed on proper preparatial and adhearing 

very close to the proposals. 

CllARINGHOUSE:. US[ CM.Y 

GOVERNOR'S OFFICE OF ECONOMIC AND COMMUNITY DEVELOPMENT 
PROGRAM SUPPORT SERVICES 

DATE 1 1/27/7 8 
FILE NO, PNRS-E WEST' VIRGINIA STATE CLEARINGHOUSE 

RCIOM 8-5048. BUILDING •• 
CHARLESTON, wEST VIRGIN"" 2S305 Comm.nt. concerning 'hi, DEIS 

ShOCJId be �.'v«I by 'hit oUiet 

(ORA") ENVIRONMI!NTAL IMPACT STATEMENT 
(DEIS) no I.'.r than: 

1 2/29/78  

TO: Tom Re ishman 
D, rec tor's Office 
Office of Economic and Commun i ty Devel opment 

FROM: Dan i el S .  Green 
Manager . 
Pr02ram Suppor t  5erv ices 

DEIS DESCRIPTION: Draft Programmat i c  Environmen�al Impact S ta t ement - Fuel Use A< 

The attached (Draft) Environmental Impact Statement is referred to your agency 'or REVIEW and 
COMMENTS. If your agency has an Interest in this Statement and desires to comment on it please 
CHECK THE APPROPRIATE BOX. Your cooperation i. asked in returning this memo to the State 
Clearinghouse Office, indicating your interest or not. 10 days from its receipt. 

o No comment (Please Indicate Reason In Space BeIOW)t/' Comments being developed 

o Comments submitted herewith a Comments should more appropriately (or 
also) come from AgencY(I) IS lilted below, 

..... ... ' ... l.� - l.U_L'l .. ""t t.c -� ...... . �.:C, � ' ��''''\. ''' ' � :\\.''' '''� LA .)�\C ·�TL.J ' 

(Please use reverse side If additional space is needed) 

----1 " n - I 
Reviewer's Signature I 'C».,,,, ) t .1 .... ,,; , ),.'  -'))11' 

Title (�" � 8·\,,· , C "f  \" -=i1 .1 ,I 

i�W;@�tii' ,,\ ' 
tl� D E C 1 2 1978 . /  

11m 'lEARIKSKOUII GOYtua,,'s OIflCl 

Date I::d,,::! /7 -:> 
Telephone , -/,,' - c" ( lC 

("oJ 
I ("oJ CO 



WISCONS IN  

f! State or Wiaco.aiD \ •� 
February 8 ,  1979 

Mr. Steve Frank 
Division of Coal Util ization 
Department of Energy 
2000 K Street, N.W. Room 7202 
Washington D . C .  20461 

D E  P A R T II  E N T  OF N A T  U R  A L  R E S O  U R  C E S  

Altrltoft., So E., 
50<-. 

eo)l[ 7921 MADISON, WISCONSIN 53707 

IN REPLY REFER TO: 
1600 

Re: Draft Progr_Uc Envirolllllental Impact 
Stat_t - Fuel Use Act (FUA) 

Dear Mr. Frank: 

The Department submits the following couments on this Draft Environ
mental Impsct Statement. 

Since the State of Wisconsin will not be affected directly by the actual 
mining of coal, we ' ll address the impacts created by using coal as 
an alternate or primary fuel . 

The Departmen t ' s  Air Management Section is currently developing a State 
Implementation Plan (SIP) in cooperation with the Environmental Protection 
Agency. The initial cOlllDents in this letter reflect their concerns 
relative to air quality. 

1 .  Pages 2-4 o f  the EIS provide that Congress has expressly indicated 
that the FDA would not be exempted from any existing or future 
environment:al standards. Thus, all actions under the FUA in 
Wisconsin are to be consistent with applicable Wisconsin environ
mental requirements. However , the FUA allows latitude in the use 
of fuels in emergency situations . This is consistent with Wisconsin ' s  
practice in enforcement o f  air rules since we also provide for 
variances during emergency situations . 

2 .  The effects of local concentrations of individual facilities was 
not addressed in the D.raft EIS, but will be considered in each site 
specific assessmen t .  At this poin t ,  the Department ' s  Bureau of Air 
Management will become involved . This involvement would consist of 
the following: 

Kr. Steve Frank - February 8, 1979 2 .  

a .  Identifying the facilities, utilities or industries which burn 
oil or gas and have an order under the Energy Supply and 
Environmental Coordination Act (ESECA) or may be ordered under 
the FUA to convert to coal . 

b .  

c .  

Studying the technological feasibility for fuel conversions . 
According to Wisconsin rules all sources modifying an existing 
emission source are required to obtain approval from the 
Bureau of Air Management ,  and thereby New Source Performance 
Standards could apply to these facilities. 

Analyzing the air quality impact. of each propo8ed conversion. 

d .  Developing alternat ive air quality recommendations t o  each 
specific case of FUA ordera, considering the possibility that 
several of these existing facilities may request exemptions on 
environmental or economic ground • •  

e .  Establishing a compliance schedule with an inspection and 
surveillance program. 

f .  Monitor ing air quality using appropriate regulatory strategies 
to obtain or maintain National Ambient Air Quality Standard s .  

The above points enumerate the importance o f  developing an adequate 
program to process each act ion under the FUA as they develop. 

A preliminary study by the Bureau of Air Kanagment has developed a list 
of sources which currently burn natural gas or oil and can al.o utilize 
coal or heavy oil. This list conta ins approximately 100 sources in 
Wisconsin, o f  which about 15 with greater than 100 mill ion BTU per hour 
boiler capacity, exceed the Kajor Fuel Burning Installation (KFBI) 
criteria. These 15 sources may be affected by the FUA regulat ions and 
consequently will require Deparr.ent interaction as listed in 2 . c .  

The above-mentioned study does not include sources which presently are 
burning oil and gas and lack the capability to use coa l .  These sources 
may also be af fected by the FUA. Identificat ion and resolution of their 
environmental concerns may also be required. 

The following comments are related to some specific concerns we have on 
expanded coal use. 

The Department is very aware of the asaociated problems in at tempting to 
integrate separate yet interrelated programs . The overlap of these 
programs and agency funct ions may be difficult to coordinate from both a 
practical and procedural standpoint. The secondary impacts of an action 
very often have primary effects on other programs, or the environment 
itself. 

W I 
W 
\0 



Department of Natural Resources (Wi scons i n ) . conti nued 

3.  

Mr.  Steve Frank - February 8 ,  1979 

An increased dependence on coal as a fuel source will affect the raIlroads 

and barge or ship traffic in Wisconsin, since they are the principal 

movers of these mater ials. Expanded barge and ship traffic may result 

In additional dredging permit applications , creating a greater need to 

f ind suitable dredge spoil diaposal sites . These actions alone may be 

signif icant enough to require an EIS . 

Many , if not a l l ,  railroads in Wisconsin are experiencing diff icult and 

of ten severe problems in operating at a profit large enough to ensure 

financial security. Currently under Department review Is an EIS on a 

railroad plan for Wisconsin. This EIS document Is attempting to deal 

with the myriad of problems associated with the economics and feasibilities 

o f  shutting down varioUS unprofitable or rundown routes , and the rehabili

tation of other lines . Elimination of various branch railroad lines may 

result in many utilities, industries and facilit ies having difficulties 

in obtaining coal as an alternate or primary fuel. While it may be 

d i f f icult to identify affected users on a long-term basis, immediate or 

short-term problem areas could be ident if ied . 

The use of coal will also result in increased bottom and fly ash residuals. 

Additional or expanded land f ill sites will be required thus creating 

more solid waste disposal problems . We feel the �roblems addressed in 

this letter are not unique to Wiaconsin. Other states will also need to 

answer or develop ways of dealing with these concerns . 

We thank you for the opportunity to comment on this Draft EIS . 

have any questions or cotnJllent B ,  please feel free to contact us . 

forward three copies of the Final EIS when it is completed. 

Sincerely. 
Bureau of Environmental Impact 

/�J �a£.,...<i� ��d S. Druckenmiller 

Di!"ector 

cc: Robert Arnott 

D. F. Gebl<en 

If you 
Please 

W I 
� 
o 



��S l Act ion for Safe Ener9�rnc . 
OTHERS 

Ditectors; 
Cr.rri� Dic�erson 
Oint' Youn9hp.�n 
Jwn Breit 
C�thy Cwrin 
Marvin Cooke 

Promoting non· 
. polluting sourc�s 

of energy: 

Solar 
Wind 
M.�dlane from trash, 

manure, 

SC"Naqe, 
.ol9·· 

Hydrogen (by (�lcr.trol}·si:;) 
G(o!.�ermaJ 
Hyrlro ("'>ter) 
Waves 

C IT! Z(NS' ACTION FOR SAFr.: E N E R GY, I NC. 

Dear �,:mtlenl:;:  and L.3dies, 

P. O. Box 924 
(!Jarclnorc, OK 7'10 1 7  

!'eo. S ,  lS79 

Again thank you for the OPJX>rtunity t o  5 �e&K t 0 :.'ou at 
Fort -.. iorth on :eb. 1st, and 1 would like to 5 ay that. I was 
g re atly encouraged by ,"hat 1 encountered tr.ere. For the 
first time in my experience �-d th Federal J-!f'aril'\gs, 1 saw a 

6'li:.1.'1ler of l if:ht i� our fed e l al b�u rF;auracy �ersonn e l .  
Let m e  start by Explaining t h a t  w e  received t h e  notice 

of your' me�ting only th r,,-e days bef...>re the actual E:vent . :':e 
felt it -i!llpe rative that our group be rf.:;rC'sE:nted there, and 
it 'las a bit of a rlls h  t.o prEpare in time for the meeting . 
�·,"hat. I ' m  t r::ring to say is that We had iT!5Ufficient notice 
( fu r  exa.11!,le, WE. never saw the envi rvn'1lental im::: 1.ct state-

ment until I a rrived) to �)r 2 pa re flror'er 1�., for the mf"-..�t ing . 
l nd 1 cel ieve the f. 3..'l1e . 'hcnG.ner;r-. is o�cu ring with t. he la w  
itself ( F1!A) . N o t  t�at such 3)eEd i s n ' t  neeessarJ", if anyth::'ng 
we need to c hange t.hE' natio'1al ene-r,""y ni ctt:.roe even faster. 

There a ::>�e2rs t o  bt" insu ffic ie:1t rublic i r "Jolvcr.;ent. in ,./hat 
....... �:u ere o o : r: ,?  .L.nd this insufficienc.�' is un.iy ;'--3rtl.Y due to 
the lal;:K of prior :1otice .-;.s ',iel l  as tt:e f�n�!"e.l fOl"?lat r;,f the 

meeting i tSE:-lf. 

:.'e feel t�Flt a large part uf the enerlY prubl{;'m that .... e are 
f;� cing here, ha.s been created in [Iart, �y ;:\ J A,c,( uf c(;::r.munication 
bE.h!ecn all !=,art.ies c .:..ncerned: gov.ernllcnt, inrustry and t�(! pco!"Jle . 
! nd in this particular case, by the dti"U Ct.U rE: of the putJlic hearings 

tt.e·f!5.e':Vf;�. You havf; deai t '�u ite effectively ... :ith the problem of 
hearing a largE' nu.lJber of people in a short space of t jme . Eut in 
placing limits on time and direction of 'iUest10ning on t.he spf'akers 
and liilits o f  questivning on the part of tt s audlE:nce itself, you 

have unfortunately l:;lccked milch of the f:r ee ; .... "'lct upen CO:.lllunications 
of much of t.he le-3rninc process that s hould b e  taking place at such 
a heari l'lP. .  

--
� I ,  :!l 

We finally rccQrJ1lend that all future he a rings be t�sed cnly on 
foberts TlJ.les of Grder, without any le5ser constraints as to t ime, 
directions of 'Iuestioninf', or ore 'lara Lions <TId co.�)ies necessary. i-le 
also re cc:r�l!end that future hearings cc: held j n such pla cEs that will 
place no adtjitional f inancial olirdens e l l  the lengths or co.sts o f  "",\j�h 
hearings, (using publ i c  schools, libraries, et. c . ) .  ',if:: now believe 

you will find that on im�lemen ting the afc l'C nent ion(Od s-ui:g( stiens, you 
will exoerienr.E' an incre-3S€ i,., the t i me conSUlled oy i,'div;dual 
heal'ings, but actually de,,:'ease the time requirea for .irr,; .... l(-;J;Jentinf 
any 1.::.'''1'5 or regu]ations discu!:;sed at the r,c.arines . 

�':e further recol!l,nend that the greatest �:li:iorj ties be :1lace on 
the time requirements of impleu,cntation uf rel�lations, and not on 
the time consumed by s�ecific !1ublic heari f1.;3S . e vigor )usly suggest 
that every E:ffort ce devoted to incre.1sing the rate of learning 
by the the ;ubl i c ,  (,S;"l�ci.�Jly.. 3.t the interface ef govc. rzlr'"l-:nt , industry, 
and t he people. �:amel\·, the. rublie hearinf.s . :ie :teed to deregulate t he 
hearings so we may better leanl to ree-'Jlate er:.rrgy . 



.,".� appreciate your o;",en'ftindedness and only hore th�t you will continue 

to hear the voice of the pooDle, for therein lies the only t",e 

salvation r"r our country . Thank you tor y?l!r tme and concem. 

Copl .. tOI 
l!ac lAc. n.ld 
Bob Davl .. 

t'avld Bard1n 
""eve ....... 
T .. Wol,. 
Am P.andolJlla 
�. �h1111. 
Cl1nton Spaat& 
Curti. Carla"" 

VD/:;aJ 

�ince) ely, 

I� 1. t fI.I.t� t�'-t��'" 
\;.It Hicke .... on 
�.dmin!otntive As.istant. 
Citizen'. Action for Safe Energy 

Government of  Puerto Rico 

�'69):.-
� y""",,. !?-,t:-. 9'_ ,§i'... 

January 4, 1979 

M s ,  Ruth C .  Clusen 
Assistant Secretary for Environment 
Department of EnerQY 
Washin9ton, D. C .  20461 

Deer M s .  Clusen: 

I would like to acknowledge recelvin9 your recent letter with which you 
forwarded to me a copy of the Department of EneTl/Y' s Draft Environmental 
Impact Statement for the coal and alternate fuels prD9ram authorized by the 
Powerplant and Industrial Fuel Use Act of 1978, DOE-EIS-0038-D. In accor
dance with your letter, copies of the Draft Statement were sent to the Puerto 
Rico Plannin9 Board for review by agencles of the Government of Puerto Rico 
durin9 the 60 day comment period . 

I will be in contact with the President of the Plannin9 Board to ensure that 
comments from the Government of Puerto Rico are submitted on time . 

;� ?- � 
Carlos JlQmero Barce16 

3j3.�5 

" ", ;V_ ",�.ti'- III' ... � 
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Edwin A .  Jamback 

WWIN A. JAM BACK, D. D. S. 
.I.j HEC�ANIC STREH r\ a. 

FARMINGTON, N.W "AMPS"'R. 03835 781.93o.u 
�ARMtNGTON 6OJ-735-2Q31 
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Texas E l ectr i c  Servi ce Company 

UN I TED STATES OF k�RICA 

DEPART�NT OF' ENERGY 

ECONOMIC REGULATORY ADMINISTRATION 

IN THE ��TTER OF THE DRAFT : 
PROGRA��T I C  ENVI ROMENTAL 
I MPACT STATEMENT 

FUEL USE ACT 
DOE/E I S - 0 0 3 8 - D  

WRITTEN CO�L'1ENTS BY 
TEXAS ELECTRIC SERVICE COMPANY 

781901 8 

Texas C l ectric S e r v i ce Company is an i n ve s tor-owned 

e l e c t r i c  ut l l i ty provi d in g  e l ect r i c  service i n  4 8  coun t i e s  in 

north c e n t r a l  and west Texa s . 

We at Texas E l e c t r i c  w e l come you to Fort Worth and t r u s t  

y o u r  s tay h e r e  w i l l  be d p l e a s a n t  one . 

He a l s o  we l come the oppo r t u n i t y  to p a r t i c i ? ate in t h i s  

he a r i Ilg because w e  a r e  concerned - not j us t  about t h e  d r a f t  

env ironme n t:. a l  impact sta tement w h i ch i s  to b e  d i s c u s s e d  today , 

nor j us t  about the Powe r p l a n t  a n d  Indus t r i a l  Fue l U s e  Act o f  

1 9 7 8  - r a t he r , w e  a r e  concerned about the ever b�oaden i n g  

s c o p e  and t h e  attendant uncerta illty a n d  i n c re a s e d  c o s t  a !  

feder a l  r e gu l a t ion . 

P r e s i de n t  Carter and h i s  admi n i s t r a t i o n  say they want 

the n a t i on to reduce its dependence o n  oil and g a s , prima r i l y  

through i ncreased use o f  co a l . B u t  the l aws and reg u l a t i o n s  

wh i ch a r e  ot ing pas sed o r  propo s e d  are m a k i n g  i t  �c r e  and 

more d i f f i c u l t  - nearly impo s s i b l e  i n  some cases - to mine 

and u s e  coa l . 

We support the P r e s i de n t ' s  reque s t .  I n  fact , Texas 

E l e c t ri c , Texas Power & Li9ht and D a l l a s  Power � L i g h t  a r e  

p i oneers i n  the area o f  use o f  l i g n i te-coal i n  p0we r p l a n t s . 

We p l aced in service in 1 9 7 1  our f i r s t  j o i n t l y  owned l i gn i te-

c o a l  fue l e d  powerplant . T h i s  was the 5 7 5  Mw un i t  No . 1 a t  

o u r  B i g  Brown p l a n t . S i nce then , we have bui l t  a n d  p l a ced i n  

s e rvice s i x  addi t io n a l  l i gn i t e- c o a l  f ue l ed un i t s  i n  s i zes u p  

to 7 5 0  Mw . One addi t i o n a l  7 5 0  Mw un i t  is curre n t l y  in t r i a l  

opera t i o n  . two more 7 5 0  Mw l i gn i t e  f u e l e d  u n i t s  a r e  under 

construct ion . And , we a l so have two j o in t l y  owned 1 1 5 0  Mw 

n u c l e a r  u n i t s  �nd�r construct i o n . 

Our program to reduce dependence on g a s / o i l beqan and 

was well underway b e f ore this law and all the r u l e s  and r e g u l a -

t i on s  were ever Droposed . Not o n l y  tha t : we were d o i n g  a 

good j ob of rec l a im i n g  and re- p l a n t i ng our s t r ip-mined l and 

be fore t�e federal s ur f ace m i n i ng law and a l l  o f  its r u l e s  

w e r e  pa s s e d . Even further , we were doing a good j o b  of c l ean-

i n g  the f l ue g a s s e s  before t h e  EPA decided every unit s h ou l d  

have a scrubber whet her i t  needed i t  o r  not . 

As Ear as we can s e e , t h e  ma i n  environment a l  impact o f  

a l l  t h e s e  l aw s  a n d  r u l e s  and regul a t i o n s  i s  to s low dO\tln our 

prog r e s s  and make our custome r s ' e l ec t r i c i ty more expen s i ve . 

The rec l amat i on program i n i t i ated at the B i g  Brown p l a n t , 

near Fai r f i e l d , Texa s , in 1 9 7 1  predated the Texas s u r face 

m i n i ng and rec l ama t i on l aw by two years and t h e  federa l  law 

by s i x  y e a r s . The program me t ,  a n d  c o n t i nues to mee t , a l l  
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Texas El ectric Service Company , conti nued 

requi rements of the state and federal regulat i o n s .  

When th e Big Brown p l a n t  construction began in 1 9 6 8 ,  one 

federal approval , one federal i nspection , f ive state approva l s  

and three state inspections were require d .  

A s imilar construction program today would invol ve : 

S ix federal approval s ,  

Eight federal i nspections and reports , 

Eleven state approvals , and 

Seven state inspec tion s  and reports . 

And what ' s  even worse , the requlations and requirements 

for a l i g n i te plant are relatively few compared to the new 

regulat ions , rul e s ,  requirements and design changes imposed 

before and dur i n g  construction of a nuclear plan t .  

The Uni ted States was one o f  the first nations t o  recog-

n i ze the need to preserve its envi ronment and protect i t s  

people , w i l d l i fe a n d  landscape from harmful pollut ion . Th i s  

country was a l s o  one of the f i rst t o  write such protections 

i n to laws . 

But this desire to protect and preserve the environment 

has passed from the point of effectivene ss to the poi n t  of 

over-saturation and what we cal l "over-regulation" . Over-

regulation is now causing the American people to be sub j ect 

to economic deprivat ion , future energy shortages and social 

upheaval . 

Gentlemen , some regulation may be considered essential 

i n  a society as large and complex as we have i n  the United 

-3-

States . But , the governme nt ' s  regulatory apparatus has become 

so pervasive and so burden some that we are convinced its costs 

far outweigh i t s  bene f i t s .  

The Big Brown l ignite plant , wh ich I mentioned ear l i e r , 

was completed in 1 9 7 1 - 7 2  at a cost of about $ 1 2 5  per k i lowatt 

of capa c i ty . The company ' s  newest l ignite un i t  at the Martin 

Lake plant near Henderson , Texas , was recently completed at a 

cost of $ 2 7 2  per k i lowa t t .  The $ 1 4 7  per k i lowatt i n c rease in 

construction costs was caused almost entirely by new regulati ons 

and by i n flation . 

. S ince there appears to be no change in the trend of over-

regul a t ion and infl ation , the est imated cost of our next 

l igni te- fue led plant to be completed in 1 9 8 4  is $ 5 8 3  per 

k i lowat t .  

The Fuel Use Act and all the rules and regulations wh ich 

may be passed pursuant to that Act wi l l  not create one barrel 

of oil or one ton o f  coal or 0ne cub i c  foot of natural gas . 

As a matter of fac t ,  many o f  the rules and regula t ions wh ich 

may be passed pursuant to this law may be counterproduct ive . 

Let me g i ve you an example . There is currently pending a 

proposed rule concerning what DOE/ERA has chosen to c a l l  

" transit ional units" wh ich w e  have cormnented on i n  a separate 

proceedi ng . Without go ing into all the deta i l s  of that matter 

and proposed rule , let me simply state that for one of our 

generating uni t s , which we believe i s  c l early exi st ing under 

the law as it was passed by Congress , thi s proposed rule 

-4-

..... 

W I 
""" <.71 



Texas E l ectric  Serv i ce Company , conti nued 

would require the fil ing of a petition by our company and 

the completion of a very extensive engineering study at a 

cost of a quarter of a mi llion dollars to s imply have the 

Department of Energy-Economic Regulatory Adminis tration grant 

"exis ting " status to what the l aw has a l ready declared to be 

an existing unit . This is the type of rule and regulation 

which is counterproductive and ends up costing the consumer 

money for which they receive no bene f i t .  Rules and regulations 

like these , while perhaps not impacting on the quality of air 

we breathe , surely impact the pocketbook of our cus tomers ; and 

therefore , do have an envi ronmental impact in that they dis

place funds which could be used for produc tive purposes to 

needles s ,  counterproductive paperwork . 

So we urge you - in implementing the regulations associated 

with the Fuel Use Act of 1 9 7 8  to : 

1 .  Reduce regulation to the maximum degree pos s ible . 

2 .  Eliminate the f i ling of reports wherever pos s ible . 

3 .  Define regulatory goa l s  i n  line with known and 
proven bene fit leve l s  and cost figures . 

4 .  Allow for regional needs and capabilitie s  to 
be considered. 

Let me repeat my welcome to Fort worth . Please let us 

know if we can be of assistance while you are here . 

- 5-

TE�rECTRIC�ERVICE tl.',., 

W. M. TAYLOR 
Vlee Pr •• ldent 

Economic Regulatory Administ ration 
Att n :  Mr . Robert Davies 
Fuels Regulation Program O f f i ce 
Department of Energy 
2000 M Street , N . W . , Room 7 2 0 2  
Washington , D . C .  2 0 4 6 1  

Dear Mr . Davies : 

February 8 ,  1 9 7 9  

W e  appreciated the opportunity t o  appear at the hearing 
on the draft Envi ronmental Impact Statement regarding the 
Powe rplant and Indus trial Fuel Use Act of 1 9 7 8  last week in 
Fort Worth . 

At that hear ing , Ms . Susan Phil lips as ked how many of the 
federal and state approval s ,  inspections and reports required 
for the construction o f  a li gnite fueled power plant are 
environmental i n  nature . 

On the attached pages we have l i sted the approva l s ,  
inspections and reports required . Except for the Federal 
Aviation Adm i n i s tration permit concerning stack and bo ile r  
s t ructure heights , which w e  did n o t  include as o n e  o f  t h e  re
qui red federal approvals in comments made at the hearing , a l l  
eighteen o f  the approvals a r e  parti ally or totally o f  a n  
environmental nature . 

Nine of the f i fteen inspections an� reports are env i ron
men�al in nature . They are made numerous times during the 
construction of a powerp lant and , with few except ions , are 
conti nued after the plant becomes operational . 

Please let us know i f  we can provide additional in formation . 

p j h  
Enclosure 

Very truly , 

� �� 
cc : Ms . Susan Ph i l l ip s  w/attachment 

W 
I 
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Texas El ectric  Servi ce Company ,  continued 

APPROVALS . INSPECTIONS A!m REPORTS - 2-
REQU IRED FOR CONSTRUCTION MID OPERATION 

OF A LIGNITE COAL FUELED POl'lERPLANT IN TEXAS 

Federal Approvals 

° 1 .  Corps o f  Engineers - Section 4 0 4  permi t for construction 
of dam and other plant faci l i t ies in waters of the 
United State s .  

2 .  EPA - Preven tion o f  s igni f icant deterioratio� i n  a i r  
qua l ity . 

° 3 .  EPA - NPDES permit for plant discharges . 

' 4 . EPA - NPDES perm i t  for hli � i ng d i s charges . 

5 .  FAA - Perm i t  for stack and boiler structure ( height ) .  

6 .  Depar tment of I n terior , O f f i ce o f  Surface Mi n ing -
mining permi t .  

' 7 .  EPA - Permit for hazardous waste d i spos a l . 

�tate Approvals 

1 .  Public Uti l i t y  Co:run i s s i on - Approval of need for fac i l ity 
at spec i f i c  s i t e .  

2 .  Texas Water Commission - Approval of water rights for 
plant . 

3 .  Texas Water Commiss ion - Permit for cons truction of 
coo l i ng reservoir dam. 

4 .  Texas Water Commission - Permit for suppleme�tal water . 

5 .  Texas A i r  Control Board - Construction permit for s tack , 
boiler structure , fuel o i l  storage and l ign i te and fly 
ash handling sys tems . 

6 .  Texas Water Commi ssion and Texas Departmen t  o f  Water 
Resources - Approva l  of plans and spec i f i ca t ions for dam. 

7 .  Texas Water Commission and Texas Department of Water 
Resources - Water qua l i ty permit .  

8 .  Texas Air Control Board - Approval o f  bo i ler and a i r  
control plans a n d  spec i f i cations . 

9 .  Texas Ra i l road Commi ssion - mining permi t .  

1 0 . Texas Departmen t of I'later Resources - sol id Has te 
d i sposal regi stration . 

1 1 .  Texas Air Control Board - operating pe rm i t  for s t ack . 
bo i ler . fue l oi l storage and l ignite and fly ash 
handling systems . 

Federal Inspection s/Reports 

1 .  EPA - report start o f  construction . 

2 .  OSHA - unannounced i n spections dur i � g  ent i re construc
tion phase and reports a s  requi red . 

3 .  EPA - report s t a r t  of operat ion . Required EPA perform
ance tes t of a i r  emi tting sources and reports of results 
performed a t  company expense at least t .. i ce per yea r .  

4 .  EPA - records must be kept of amount of solid waste 
generated and amount stored. I f  c l as s i f ied hazardous , 
reports are made to EPA. 

5 .  EPA - con tinuous moni toring and quarterly reports of 
monitoring data requi red to sho� NPDES comp l i ance . 
Unannounced on- s i te inspections and reports as requ ired . 

6 .  O f f i ce of Surface Mining Reclamation and Enforcement -
min imum of two unannounced on-site inspections annua l ly 
and fol lowing reports . 

7 .  OSHA - unannounced on- s i te i nspections . Reports of a l l  
i n j uries occurring during operating phase . 

8 .  Mining En forcement and Safety Admin istrat ion - min imum 
of two major and four spot health and safety in spections 
(on-s i t e )  per year , noise tests . dust tests , sa fety train
ing and accompanying repor ts . 

State I nspections/Reports 

1 .  Texas Air Control Board - report o f  start o f  construction 
of boi ler , fuel oil storage and fly ash and l i gn i te 
hand l i ng systems . 

2 .  Texas Department of Water Resources - report of start 
of dam construction . 

3 .  Texas Department o f  Water Resources - conti nuous mon itor
ing and monthly reports of data to show comp l i ance w ith 
water discharge permit .  

...... 
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Texas E l ectr ic  Serv i ce Company , conti nued 

- 3-

4 .  Texas Department of Water Resources - reports to confirm 
compliance with water use permi t .  

5 .  Texas Air Control Board - monitoring o f  a i r  emitting 
sources during operat ing l i fe of plant and reports to sho� 
comp li ance with permit l im i ta t ions . 

6 .  Texas Rai l road Commissio:o - unannounced on:" s i te inspections 
to check compl iance with mining permi t .  

7 .  Texas Department of Water Resources - record mus t be kept 
for inspection as deemed nec�ssary and repor �s f i led 
annually of solid wastes generated and stored . 

*Envi ronmental Impact Statement Rec;uired . 
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APPEN D I X  A .  STRUCTURE OF THE COAL UTI L I ZATI ON MODEL 
FOR THE I NDUSTRIAL SECTOR (CUM I S )  

The f ive pri nc ipa l  steps of  t h e  CUM IS  are i l l ustrated i n  F i gure A . l .  They are as  fol l ows : 

1 .  C l ass i fication  of P I ES reg i onal projections  of basel i ne o i l  and gas consumpt ion .  

2 .  I den t i f i cation of  tec hn ica l  potentia l  for coa l use .  

3 .  Creation of i nd i v i dual un i t s .  

4 .  F i nanc i a l  dec i s i o n .  

5 .  Aggregati on and output .  

A . l  CLASS I F I CATI ON OF P I ES REGIONAL PROJECTIONS OF BASEL I N E  
O I L  AND GAS CONSUMPTION ( " popu l ation " )  

S i nce both the techn i ca l  poten t i a l  and the costs o f  u s i ng coa l di ffer s i gn i f i cantl y among 
c l asses of o i l  and gas use ,  the total i ndustrial  basel i ne consumpti on l evel s were broken i nto 
c l asses of energy u se .  

The P I ES reg i onal proj ecti ons of o i l  and gas  consumption were f i rst di saggregated i nto n i ne 
i ndustry catego r i es . The d i saggregat ion was done by i ndependentl y  projecti ng 1 985 energy 
cons umption  off the 1 974 Energy Consumpt i on Data Base .  Prel i mi nary estimates were made for 
1 985 , us i n g  DR I  est imates of i ndustry growth from 1 974 to 1 985 , P I ES projecti ons of reg i onal  
fuel  s h i fts , and i ndependent estimates of conservat i on . The i ndependent projections wh i c h  
yi el ded rel at i ve s i zes of the n i ne i ndustry groups  i n  each reg ion  were used t o  d i saggregate the 
actual P I ES reg i onal projections  by industry . 

Industria l  o i l  and gas consumpti on was then c l a s s i fi ed broadl y i nto three energy use categori es : 
bo i l er ,  nonbo i l er uses wi th  coal potenti a l , and other uses of o i l  and gas where coa l probably 
cannot be u sed i n pl ace of o i l  and gas i n  a 1 977- 1 985 t ime frame . Bo i l er uses i nc l ude process 
steam u ses and fuel used to generate el ectr ic i ty .  The t h ird category of nonbo i l er uses wi th no 
coa l potent ia l  i nc l udes most o i l  and gas u ses as feedstock for c hemi cal manu facture and mi nor  
energy u ses  ( such as  mec han i cal dri ve and  e l ectro lyt ic  processes ) .  Bo i l ers are esti mated to 
account for 31 percent  of o i l  and gas u ses ; nonbo i l er uses  wi th coal potent ia l  consti tute 
43 percent and other uses wi th  no coal potenti a l  are estimated to compri se the rema i n i ng 26 
percent of o i l  and gas use in 1 985 .  

A th i rd broad di sti nct i on was made between energy consumption  i n  new versus ex i st ing  combustors . 
Ex i s t ing  1 9 75 bo i l er o i l  and gas consumption was adj usted to account for a 3 percent per year 
rate of decrease i n  energy con sumpt i on ;  t h i s  refl ected the s hutdown of o l d  fac i l i t i es and 
decreases i n  capac i ty uti l i zat ion as  o l der un i ts are phased down or moved to standby capac i ty 
and new cons umi n g  u n i ts come on-l i ne between 1 975 and 1 985 . New energy uses refl ect energy 
con sumed in new combustors repl ac i ng o l d  un i ts ,  and expans i on of industry to meet economi c 
growth object i ves . C l ass i fication of  new and exi st i ng nonbo i l er use was done i n  a s i mi l ar 
fas h i on , except reti remen t rates were i ndustry-spec i f i c .  

Ex i st i ng energy u s e s  were a l so broken down to i denti fy o i l  and gas cons umed i n  combustors 
ori g i na l l y  desi gned to fi re coal . These coal capab l e un i ts were identi f i ed us i ng the Federal 
Energy Admi n i strat i on ' s  Major Fuel -Burn ing  In stal l at i on Survey . 

Consumpti on i n  exi s ti nq  bo i l er fac i l i t i e s  was d i v i ded further i nto smal l and l arge fac i l i ti es ,  
wi th the breakpoi nt estab l i s hed at 1 00 mi l l i on Btu ' s  per hour des i gn capaci ty ( roug h l y  1 0  MNe ) . 
Al though - some combustors bel ow 1 0  MWe currentl y use coal , for the purposes of  t h i s  study a l l 
exi s ti n g  un i ts bel ow 1 0  MWe were as sumed to be i ncapabl e of u s i ng coal . 

A-l 



INPUT POPULATI ON 

1 975 AND 1 985 � O I L  AND GAS USE CLAS S I F I ED BY 
I NDUSTRIAL FUEL - I NDUSTRY 
CONSUMPTION BY , - FUNCTIONAL USE 
REG ION BY FUEL - NEW & EX I STING  FAC I L ITY 
TYPE - S I ZE 

� 
TECH N I CAL POTE NTIAL I N PUT POL I CY MEASURES 

O I L  AND GAS CONVERS ION I NDUSTR IAL I NCENT I V ES 
POTENTIAL I S  L IM I TED BY - FUEL PR I CES ( I NCLUD I NG 

- S I ZE CONSTRAI NTS TAX )  
- PRIOR COMMI TM ENTS - I NVESTMENT TAX CREDIT 

AND PLANN ING  - ALTERNATI V E  I NC ENTIVES  
- TECHNI CAL CONSTRA I NTS - EXEMPTIONS 

� :a:-
CREATE I ND I V I DUAL UN ITS 

F I NANC IAL DECI S ION 
D I SAGGREGATE OIL AND GAS 

DETERM INE  I NVESTM ENT DEC I SION INTO INDIV I DUAL UN ITS 
ACCORDING  TO � FOR EACH UN IQUE  UN IT  

- S IZE  CONF I GURATION 
- CAPAC I TY UTI L I ZATION --, - CREATE CAP I TAL OPERATI NG 
- AGE COST FOR O I L ,  GAS , AND 
- CLASS COAL FUE L  ALTERNATIVES 
- AQCR - CALCULATE RATE OF R ETURN 
- ENV IRONMENTAL FOR CONVERTING O I L  AND GAS 

REGULATION TO COAL 

--- - ----- �- ��� ---- -- - - --

F i g .  A . l .  I ndustr ia l  Coal Convers ion  Model 

.� 
, 

OUTPUT 

1 975  O I L ,  GAS AND 
COAL CONSUMPTION 
BY REGION , I NDUSTRY , 
AND PROCESS AFTER 
CONVERS ION I NCENT I V ES 
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New energy uses were a l so catego r i zed i nto use! ; schedL l l ed to be com i ng on- l i ne between 1 97 5  and 
1 980 and those w h i c h  wou l d  come on-l i n e  between 1 980 a l1d 1 98 5 .  Dec i s i ons  about the early 
i nstal l a t ions  have a l ready been made by i ndustr y ,  and ": t wa s a s sumed that such new o i l  and gas 
combustors cou l d  not use  coa l . New boi l ers abo ve 2 . 5  M�e of capac i ty were assumed to be 
tec h n i ca l l y  ab l e to u se coal . 

Based on th i s  i n i t ia l  catego r i z a t i on , est ima tes of coal u s i ng potent i a l  were ref i ned and costs 
o f  convers i on were determi ned a s  descri bed bel e w . 

A . 2  I DENT I F I CAT ION OF TECHNI CAL POTENTIAL FOR COAL USE  

Broad tec hn i ca l , economi c ,  or  t im ing con s i derat i on s  reduce t i lose  i ndustr i a l  o i l  and  gas uses 
wh i c h  can be con s i dered serious cand idates fo r convers ion  to coal . The fol l ow ing  ca tegories  of 
i ndustria l  o i l  and gas  use  were assumed to havE no poten t i al ", "or convers ion  to coa l : 

1 .  Feeds toc k  and other noncombustor  uses . 

2 .  Bo i l ers b u i l t  pr ior  to 1 975 smal l er th an 1 0  MWe . 

3 .  Bo i l ers bu i l t  between 1 9 75 and 1 980 . 

4 .  Bo i l ers b u i l t  between 1 980 and  1 985  sn � l l er than 2 . 5  MWe . 

Al l oca t i on of o i l  and  gas use among new and eY " l s t i ng  bo i l er and non�o i l er c l a sses  i n vol ved 
as s i gn i ng  gas a h i gher pr ior i ty for certa i n  u s es . Because gas supp l  i es were proj ected to grow 
more s l owl y than o vera l l energy demand betNeen 1 9 75 and 1 98 5 ,  they w�re cons i dered to be i n 
suff i c i en t  t o  meet a l l proj ected uses , bas ed o �  h i storical  u s e  pa ttern s .  Gas a l l ocation pr i 
ori t i es u sed  when suc h shortages occu rred a re 1 i s ted bel ow : 

1 .  Gas a l l ocated fi rst to nonbo i l f!rs accc. rdi ng to h i s torica l  u S 3ge patterns . 

2 .  I f  there i s  not enough  gas  to ma i n ta i n  h i storical  rel at ionsh i o between o i l  and gas 
for nonbo i l ers , o i l  f i l l s  the gap .  

3 .  Ga s i s  a l l ocated f i rst to  e X "j sti ng combu s tors accord i ng to  h i s to r i ca l  patterns . I f  
gas i s  i ns u ff i c i ent for exi s t i ng u n i t s ,  �x i sti ng gas u s e  s h i ft:; to o i l . 

4 . Any gas rema i n i n g  a fter a l l ocation to exi sti ng combustors goes to new un i ts .  

A . 3 C REATION  OF I ND I V I DUAL U N I TS 

Once tech n i c a l  poten t i a l  i s  i dent i f' ed for any basel i .'1e , i t  i s  al l ocated to i nd i v i dual hypothet
i cal  combusto rs based on c urrent di 5 tr ibut ions  of  comt ustor s i ze  and capac i ty u ti l i zat ion . 
l n d i v i dual combu stors are created for th ree purpo ses : fi rst , d i stort i on s  o f  combustor fuel 

c. onsumpti on a re avo ided . Fo r examr,l e ,  i f  d i stri but i on : "" were u sed , a 50-MWe fac i l  i ty at 50 
p, �rcent capa c i ty uti l i za t i on may r�ce i ve one MW of  fuel . Second , each combustor i s  a s s i gned an 
er, v i ronmental regu l at i on ,  wh i c h  d i  ffers by AQCR l ocati o 1 and state for un i ts not subject to 
na �i onwide federa l standard s . The economi c s  of convers i on to coal va ries  dramat ical l y  wi th the 
en \ "i ronmental control requ i rement . Th i rd ,  the AQCR l oco t i on of  an i nd i v i dual combustor al so 
de t ermi nes whether i t  is prevented from convert i ng to co 1 1  because a i r  qual i ty standards are 
cu r�ent ly  be i ng v i o l a ted . 

A . L \ .  F I NANCI !\L D EC I S I ON 

Standard i ndustri a l  i nvestment eva l uat ion cr i ter ia  were emp l oyed i n  eval uating  how much  o f  the 
tec �  n i ca l  poten t i a l  m i ght swi tch to coal g i ven the st imu l us  of  h i g her  energy prices  and the 
reba '.:e inc. en t i ve .  I ndustry \'lOu l d  v i ew i nvestments i n  coal - l l s i ng equ i pment i n  terms o f  the rate 
of  r" turn l }'  net present val  ue of an i nvestment,  where the c a p i tal  cost i s  the equ i pment cost o f  
a cOc l fac i l i ty l ess  s imi l ar costs for o i l  or  g a s  fac i l i t i es The revenue stream from s u c h  a n  
i n ves tment � u u l d  b e  v i ewed a s  the reduct i on i n  fuel costs ( e .  g . , del i vered c o s t  o f  coal minus  
the d el i vereti  cost  of o i l ) m inus  the h i gher operati ng cost a s  soc i ated w i t h  coal  u se .  I ndustry 
dec i s  i ons  wer �  a s s umed to be based on the after tax rate of n !turn . *  

*S ince  the eva l ua t i on was made o n  a n  i ndustri a l  combustor un i t  ba s i s  and cou l d not con s i der 
i n ves�ment wi t h in  a corpora te ent i ty,  rate of  return cr i teri a  in such c i rcumstances wou l d  be 
equ i va 1 ent to f- resent val  ue c r i ter i a .  
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In most cases , i ndustry wou l d  use o i l  as t.he OPpoy ·tuni ty cost in eval uating the economics of 
us ing coal . However , in order to remai n  consi stel lt wi th the PIES framework, it was essential  to 
use gas as the opportunity cost for thosft combustl lrs i denti fied as us ing gas as a primary fuel . 

For any prospecti ve project , the deci sion criteri , )  woul d be that the coal -rel ated investment i s  
economical l y  justi fiable i f  the resul ta .nt rate o f  return i s  1 5  percent o r  greater , i n  nomi nal 
terms . The breakeven after tax rate o'f return of 1 5  percent used in the NEP model was set 
approximatel y  25-50 percent h igher tha n the currel lt  i ndustry average to refl ect a " hassl e" 
premium associated with the d i fficul t ' jes of  coal I Jse . 

A . 4 . 2  Capi tal and Operati ng Costs 
'
The incremental costs of converti n'J to coal are cc t l cul ated for each unique hypothetical combustor 
confi guration . Costs i ncl uded foy '  these combustor 's cl assi fied as exi sting cover al l costs of 
coal -rel ated equ i pment .  Costs fo r new combustors , however,  cover only the i ncremental costs of 
coal -rel ated equi pment· over thoso of o i l - or gas-: "el ated equ i pment. 

Pol l uti on control equi pment COS1�S are incl uded as d i ctated by combustor s i ze and AQCR l ocation 
consi derati ons . In some i nstan.ces , particul arl y ' ;or exi sti ng coal -capabl e boi l ers , these costs 
account for most of the total r;api tal costs . 

Boi l er capi tal  costs vary by �uch cl assi fications as firing rate , new or exi sti ng . coal -capabl e 
or noncoa l -capabl e ,  and envi r'Onmenta 1 control s .  r,·onho i l  er process capi tal costs are al so de
pendent upon SIC and process type . 

Combustor operati ng costs u sed are the i ncremental cos ts of using coal i nstead of o i l  or gas . 
The operati ng costs i ncl ud� annual property taxes and i nsurance costs and , where necessary, 
sul fur control operati ng costs . 

A. 5 AGGREGATION AND OUTPUT 

The energy used by al l those combustors cons ide red econom i cal ly  converti bl e i s  aggregated to 
yiel d the total amount e,f basel i ne o i l  and gas use whi ch l:an be expected to convert to coal . 
Thi s aggregati on i s  accClmpl i shed al ong several c l ass ificat i ons i ncl udi ng region , industry. 
combustor,  and fuel type. In addi tion,  total coal convers ion cap i tal costs are aggregated to 
i nd icate the l evel of i nvestment stimulated by the proposa1 consi dered . 

In aggregating total convers ions to coal , the effects of val"ious exempti ons can be exami ned by 
blocking certai n  types of convers ions . Perhl lps the most important of these exemptions i s  that 
prohi bi ting the use of coal in areas where a ir qual i ty standards a re viol ated . For thi s ana lys i s , 
conversi ons were consi dered bl ocked i n  thos '� areas estimated to be "nonattai nment. "*  Other 
types of exempti ons which can be considered i n  the model i nc l' ude combustor s i ze and age . 

*The area desi gnations do not cons ti tute any official  EPA 1 i st but hopeful l y  cap'cure the ilggregate 
impact of a i r  qual i ty probl ems or , estimates of coal demand . 



APPEND I X  B .  DEF I N IT I ON OF  B ITUMI NOUS COAL- AND 
L IGN ITE-PRODUC ING D I STRI CTS 

D I STRICT 1 - EASTERN PENNSYLVAN I A  

Pennsyl van ia  ' 
Armstrong Co unty ( part ) - Al l mi nes east of Al l egheny Ri ver , and 

those mi nes served by the P i ttsburgh and Shawmut Rai l road l ocated 
on the west bank of the ri ver 

Fayette County ( part )  - Al l mi nes l ocated on and east of the l i ne 
of Indian Creek Val l ey branch of the Bal t imore and Oh io  Ra i l road 

I nd i ana Co unty ( part ) - Al l m i nes not served by the Sal tsburg branch 
of the Pennsyl van i a  Ra i l road 

Westmorel and County ( part ) - Al l mi nes served by the Pennsyl van i a  
Ra i l road from Torrance , east 

Al l mi nes in the fol l owing  count i es :  

Bedford Centre Forest McKean 
Bl a i r  Cl ari on Ful ton Mi ffl i n  
Bradford Cl earfi el d Hunti ngdon Potter 
Cambria  Cl i nton Jefferson Somerset 
Cameron El k Lycomi ng Tioga 

Ma ryl and - Al l mi nes in the state 

West V i rg i n i a - Al l mi nes in the fol l owing  count i es : 

Grant Mi nera 1 Tucker 

D I STR I CT 2 - WESTERN PENNSYLVAN I A  

Pennsyl van ia  
Armstrong County ( part )  - Al l mi nes west  of the Al l egheny Ri ver , 

except those m i nes served by the P i ttsburgh and Shawmut Ra i l road 
Fayette County ( part )  - Al l mi nes except those on and east of the 

l i ne of  I nd ian Creek Val l ey branch of the Bal ti more and Oh io  
Ra  i 1 road 

I nd i ana County ( part ) - Al l mi nes served by the Sal ts burg branch 
of the Pennsyl vani a  Ra i l road 

Westmorel and County ( part ) - Al l mi nes except those served by the 
Pennsyl van ia  Ra i l road from Torrance east  

Al l mi nes i n  the  fol l owi ng counti es : 

Al l egheny But ler 
Beaver Greene 

Lawrence 
Mercer 

Venango 
Was h i ngton 

D I STRI CT 3 - NORTHERN WEST V I RG I N I A  

West V i rg i n i a  
N i chol as County ( part) - Al l mi nes served by o r  north o f  the 

Ba l timore and Ohio  Ra i l road 
Al l mi nes i n  the fol l ow ing count ies : 

Barbour 
Braxton 
Cal houn 
Doddri dge 
Gi l mer 
Harri son 

Jackson 
Lewis  
Marion  
Monongal i a  
Pl easants 
Preston 

Randol ph 
R i tc h i e  
Roane 
Tayl or 
Tyl er 
Upshur 

D I STRICT 4 - OHI O  - Al l mi nes in  the state 

D I STR I CT 5 - M I C H I GAN - Al l mi nes i n  the state 

D I STRICT 6 - PAN HANDLE 

Webster 
Wetzel 
Wi rt 
Wood 

West V i rgi n i a  - Al l mi nes i n  the fol l owi ng count ies : 

Brooke Hancock Mars hal l  Ohio  

B- 1  
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Appendix  B. Continued 

DISTR ICT 7 - SOUTHE RN NO . 1 

West V i rg i n i a  
Fayette County ( part ) - Al l mi nes east  of Gau l ey Ri ver and al l 

mi nes served by the Gau l ey Ri ver branch of the Chesapeake and 
Oh io  Ra i l road and mines served by the V i rg i n ian Rai l way 

McDowel l County ( part ) - Al l mi nes i n  that portion  of the county 
served by the Dry Fork branch of the Norfol k and Western Rai l road 
and east  thereof 

Ral eigh  County ( part ) - Al l mi nes except those on the Coal Ri ver 
branch of the Chesapeake and Oh io  Ra i l road and north thereof 

Wyoming  County ( part ) - Al l mi nes in  that portion  served by the 
Gi l bert branch of the V i rg i n ian Ra i l way lying  east of  the mouth 
of S k i n  Fork of Guyandot Ri ver and in that portion served by the 
ma in  l i ne and the Gl en Rogers branch of  the V i rg i n ian Rai l way 

Al l mines  i n  the fol l owing  counties : 

Greenbrier Mercer Monroe Pocahontas Summers 

V i rg i n i a  
Buchanan County ( part ) - Al l mi nes i n  that porti on o f  the county 

served by the Richl ands-Jewel l Ri dge branch of the Norfol k and 
Western Ra i l road and in that portion of the headwaters of  Di smal 
Creek east o f  Lynn Camp Creek (a tri butary of Di smal Creek )  

Tazewel l County ( part ) - Al l mi nes i n  those port ions of  the  county 
served by the Dry Fork branch to Cedar Bl uff and from Bl uestone 
Junction to Bo i s seva in  branch of  the Norfol k and Western Ra i l road 
and Richl ands-Jewel l Ri dge branch of the Norfol k and Western 
Rai l road 

Al l mi nes i n  the fol l owi ng counti es : 

Montgomery Pu l as ki Wythe Gi l es Cra i g  

DISTRICT 8 - SOUTHERN NO . 2 

West V i rg i n i a  
Fayette County ( part ) - Al l mi nes west  of  the Gau l ey Ri ver except 

mi nes served by the Gaul ey Ri ver branch of the Chesapeake and 
Ohio  Ra i l road 

McDowe l l  County ( part ) - Al l mi nes wes t  of and not served by the 
Dry Fork branch of  the Norfol k and Wes tern Rai l road 

N i cholas  County ( part ) - Al l mi nes in that part of  the county 
south of and not served by the Bal timore and Oh io  Ra i l road 

Ral e i gh County ( part ) - Al l mi nes on the Coal Ri ver branch o f  the 
Chesapeake and Oh io  Rai l road and north thereof 

Wyomi ng  County ( part ) - Al l mines in that porti on served by the 
G i l bert branch of  the V i rg i n i an Ra i l way and ly ing  west of the 
mouth of S k i n  Fork of  Guyandot Ri ver 

Al l mi nes in the fol l owing  count ies : 

Boone 
Cabel l 
Cl ay 

V i rg i n i a  

Kanawha 
L i ncol n 
Logan 

Mason 
Mi nge 
Putnam 

Wayne 

Buchanan County ( part ) - Al l mi nes i n  the county , except i n  that 
portion on the headwaters of  Di smal Creek ,  east of  Lynn Camp 
Creek (a tri butary of Di smal Creek )  and in that portion served 
by the Richl ands-Jewel l Ridge branch of the Norfol k and Western 
Ra i l road 

Tazewel l County ( part ) - Al l mi nes i n  the county except i n  those 
portions  served by the Dry Fork branch of  the Norfol k and Western 
Ra i l road and branch from Bl uestone Junction to Boi ssevai n  of 
Norfol k and Western Ra i l road and Richl ands-Jewel l Ri dge branch 
of the Norfol k and Western Rai l road 

Al l mi nes i n  the fol l owi ng counties : 

Di ck i n son Russel l W i se 
Lee Scott 
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Appendix B. Continued 

DISTRICT 8 - SOUTHERN NO. 2 (Continued ) 
Kentucky - Al l mines in  the fol l owing counti es i n  eastern Kentucky :  

Bel l 
Boyd 
Breathi tt 
Carter 
Clay 
El l i ott 
F l oyd 

Greenup 
Harl an 
Jackson 
Johnson 
Knott 
Knox 
Laurel 

.Lawrence 
Lee 
Les l ie 
Letcher 
McCreary 
Magoffi n 
Martin 

Morgan 
Owsl ey 
Perry 
Pi ke 
Rockcastl e 
Wayne 
Whi tl ey 

Tennessee - Al l mi nes 

Anderson 
Campbel l 
Cl ai borne 

in the fol l owi ng counties : 

Cumberland Overton 
Fentress Roane 
Morgan Scott 

North Carol ina - Al l mi nes in  the state 

DISTRICT 9 - WEST KENTUCKY 

Kentucky - Al l mines i n  the fol l owing counti es 

Butl er Hancock McLean 
Chri stian Henderson Muhl enberg 
Cri ttenden Hopki ns Ohio 
Davi ess Logan Simpson 

DISTRICT 1 0  - ILLINOIS - Al l mi nes in the state 

DISTRICT 1 1  - INDIANA - Al l mi nes in the state 

DISTRICT 1 2  - IOWA - Al l mines in the state 

DISTRICT 1 3  - SOUTHEASTERN 

Al abama - Al l m ines in the state 
Georgi a  - Al l mi nes in the fol l owi ng counties : 

Dade Wal ker 

in western 

Todd 
Un ion 
Warren 
Webster 

mi nes in the fol l owi ng counties : 

Kentucky : 

Tennessee - Al l 

Bl edsoe 
Grundy 
Hami l ton 

Marion Sequatchie Whi te 
McMinn Van Buren 
Rhea Warren 

DISTRICT 1 4  - ARKANSAS-OKLAHOMA 

Arkansas - Al l mines i n  the state 
Okl ahoma - Al l mines in the fol l owing counties : 

Haskel l Le Fl ore Sequoyah 

DISTRICT 1 5  - SOUTHWESTERN 

Kansas - Al l mi nes in  the state 
Texas - Al l mi nes in the state 
Mi ssouri - Al l mi nes in the state 
Okl ahoma - Al l mines in the fol l owing counti es : 

Coal Lathner Okmul gee Rogers Wagoner 
Craig  Muskogee Pi ttsburg Tul sa 

DISTRICT 1 6  - NORTHERN COLORADO 

Al l mi nes in the fol l owing counties : 

Adams Dougl as Jackson 
Arapahoe El bert Jefferson 
Boul der El Paso 

DISlRltf-H- �otffitE� COtoRADO 

Laruner 
Wel d 

Col orado - Al l mi nes except those incl uded in  Di strict 1 6  
New Mexico - Al l mines except those incl uded i n  Di stri ct 1 8  
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Append i x  B .  Conti nued 

D I STRICT 18 - NEW MEX I CO 

New Mexico - Al l mi nes i n  the fol l owi ng counti es : 

Grant McKi n l ey Sandoval San Mig uel Socorro 
L i ncol n  R i o  Arr i ba San Juan Santa Fe 

Ari zona - Al l m i nes i n  the s tate 
Ca l i forn i a  - Al l mi nes i n  the s tate 

D I STRI CT 1 9  - WYOM ING 

Wyomi ng - Al l mines in the state 
I daho - Al l mi nes i n  the s tate 

D I STRICT 20 - UTAH - Al l mi nes i n  the s ta te 

D I STRI CT 21 - NORTH DAKOTA-SOUTH DAKOTA 

Al l mi nes i n  North Dakota and South Dakota 

D I STRICT 22 - MONTANA - Al l mi nes i n  the state 

D I STRICT 23 - WASH INGTON 

Wash i ngton - Al l mi nes i n  the s tate 
Oregon - Al l mines i n  the state 
Al a s ka - Al l mi nes i n  the state 

From Federal Energy Admi n i stra t i on . 1 976 .  Coa l Mi ne Expans ion Study . 
Wash i ngton , D . C .  



APPENDIX  C .  SOCIOECONOMIC  POPULATION PREDICTIONS 

Total predicted popu l at ion for each county in the soci oeconomi c  analys i s  was deri ved u s i ng the 
convers ion ratios  g i ven bel ow . 

Mi ners 

1 .  Total pred icted tons of  coal for each county by m i n i ng  type ( stri p or u nderground ) by 
1 985 was estimated : 240 , 000 tons per year ( Perry County ) ;  330 , 000 tons per year (Mi ngo County ) ,  
and 7 1 5 , 000 tons per year ( Sweetwater county ) . 

2 .  Tha t f i gure was then d i vided by 1 0  ( period of time for project ,  1 97 5- 1 98 5 )  to get the 
annual average total ( National Bureau of Standards 1 973 ) . 

3 .  Rati os  of  30 .0  tons per day per man for strip m i n i ng  and 9 . 1 5  tons per day per man for 
underground m i n i ng were used ( Charl es Ri ver Associ ates 1 977 ) .  These f i g ures , respecti vel y ,  were 
mul ti pl ied by 240 average work days per year. 

4 .  F i na l l y ,  total  annual coa l o utput was d i v i ded by total tons per year per man ,  for both 
underground and s tr i p  m in i ng .  Th i s  f igure showed the addi ti onal work force that woul d  be nec
essary for m in i ng .  

Mi n i ng fami l i es 

Fami l y  and s i ng l e  worker total s were devel oped u s i ng the fol l owi ng formul a :  

1 .  Total annual workers x 0 . 85 = total workers wi th fami l i es x average fami l y  s i ze ( 3 . 7 )  = 

total workers and fami l i es ( U .  S .  Department of Hou s i ng and Urban Development 1 976 ) .  

2 .  Total a nnual workers x 0 . 1 5 = total s i ng l e ,  d i vorced , and wi dowed workers ( Department 
of Hou s i ng and Urban Devel o pment 1 976 ) .  

Secondary workers 

Fami l y  and s i ng l e  secondary workers were determi ned u s i ng the fol l owi ng formu l a :  

1 .  Total yearly workers x service mul t i pl i er ( 1 . 5 ) = total s econdary workers ( U . S .  Depart
ment  of Hou s i ng and Urban Devel opment 1 976 ) .  

2 .  Total secondary workers x . 40 = total secondary workers wi th fami l i es x average fami l y  
s i ze ( 3 . 7 )  = total secondary workers and fami l i es ( U . S .  Department of  Hous i ng and Urban Devel 
opment 1 976 ) . 

3 .  Tota l secondary workers x . 40 = total s i ng l e ,  d i vorced , and widowed s econdary workers 
( U . S .  Department of Hou s i ng and Urban Devel opment 1 976 ) .  

Al l these f igures were then mul t ipl ied by 1 0  years for total predicted popu l at ion . 
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APPEND I X  D .  REG I ONAL A I R  QUALITY IMPACTS O F  COAL CONVERS I ON I N  THE I NDUSTRIAL SECTOR 

D . l . REG IONAL ENERGY CONSUMPT I ON AND A I R  EMISS I ON PROJ ECT I ONS 

Recently stud ies  were i n i t i ated of the re l at i onsh i p  between econom i c  growth and energy , as was a 
comprehen s i ve analys i s  of the pri ce and structu ra l  responses of energy consumpti on to the chang
i ng energy envi ronment .  The l i terature is repl ete wi th many important and u sefu l studi e s  on 
such i ssues , but , in general , such  studies  concentrate on rather spec i f i c  topi c s  and are l im i ted 
i n  scope . An exampl e  i s  the series of art i cl es on el ectr i c i ty demand in the res i dent i a l  sector 
( Tayl or 1 975 ; Ha l vasen 1 975 ; Chern forthcom i ng ) . Wh i l e  these stud ies  prov ide a u seful  base for 
explorat i on of the studied top i c ,  often a more comprehens i ve ,  i f  s impl er ,  v i ew i s  needed . Th i s 
i s  the case for the general reg i onal impact ana lys i s  con s i dered i n  the current study . 

The strategy fol l owed i n  deve l oping  the Reg i onal  Energy Bal ance System ( REBS ) ( Ri ce and Vogt 
1 977 ) was to establ i s h  an organ i zed framework ( i n i t i a l l y  i nvoking s i mpl i fy i ng assumpti ons ) to 
present the broad scope of energy consumption . However , the system i s  des i gned to i ncorporate 
the i n format ion ava i l ab l e  from more deta i l ed stud ies ( e . g . , the e l ectr i c i ty demand l i teratu re ) 
as resou rces and i n formation a l l ow .  Add i t iona l l y ,  i t  i s  expected that exerc i se of the cu rrent 
model wi l l  hel p in dec i d i ng wh i ch areas need to be more exten s i ve l y  and urgently stud ied  and 
i ncorporated in the model . Provi s i on of a great deal of deta i l ed i n format ion and ana lys i s  
( espec i a l l y  i n  the reg i onal  context)  i s  often easy ; i t  i s  more d i ff i cu l t ,  however , to devel op a 
broad base i n  wh ich  to put the deta i l ed i nformat i on i n  perspect ive .  Th i s  i s  perhaps the most 
important contri but ion of the REBS system . 

I n  the deve l o pment of the reg i onal consumpti on modu l e ,  i t  was deci ded that more forma l and 
bette r-devel oped reg i onal model s exi sted for projecting  popu l at i on and empl oyment than for 
energy consumpt i on .  I ndeed , reg i onal ana lys i s  m ight reveal more about reg i onal  growth and deve l 
opmen t ( exc l udi ng energy effects ) than about reg i onal ene rgy consumpt i on . Thi s ,  of course , 
refl ects the i nterest of past researchers ( i . e . , energy has on l y  recently become an " i nterest i n g "  
i ssue ) . Therefore , i n  the devel opment o f  the REBS consumption mode l , i t  was deci ded t o  use Oak 
Ri dge Nati onal Laboratory ' s  ( ORNL ' s ) reg i onal  popu l at i on and empl oyment project i on model 
( MU LT I REG I ON ) as  a base for devel oping  the energy forecasts (O l sen et a l . 1 975 ) . Thus , reg i onal 
model acti v i ty was forecasted and then rel atively  s impl e procedures were used to convert the 
acti v i ty forecasts i nto deri ved demand for energy . The bas i c  assumpti on is that the primary 
determ i nant of di fferences i n  reg i onal energy consumption  i s  the underl ying  reg i onal  structu re 
of act i v i ty ,  rather than price d i fferences .  Wh i l e  thi s ,  of cou rse , i s  an " hero i c "  assumpt i on , 
i t  seems p l aus i b l e  that th i s  shou l d  prov i de a fi rst-order approximat i on and that the reg i onal 
pri ce d i fferent ia l s m i g h t  be of a second-order natu re . The current model proj ecti ons are con
strai ned to the projections  of a nati ona l model , Proj ect I ndependence Eva l uat i on System ( P I ES )  
( Federal Energy Admi n i strati on 1 976 ) , wh i ch does i ncl ude estimates o f  price respon ses . As the 
P I ES model refl ects pr ice d i fferenti a l s by Federal Energy Adm i n i s trat i on ( FEA ) reg i ons , the 
as sumption actual l y  i nvoked i n  the REBS i s  that on ly  wi th i n  these aggregate reg i ons do pri ce 
d i fferent ial s p l ay a smal l part in expl a i n i ng vari ati ons in energy consumpt i on .  

The reg i onal projections  i n  the current study are based on the recent "mi d-m i d "  scenari o o f  the 
P I E S .  The mi d-m i d  scenari o represents a mid-range forecast of economic  acti v i ty combi ned with  a 
m i d-range energy consumption scenari o ;  the refore , the term "mi d-m i d "  ( U . S .  Department of Energy 
1 97 7 )  . 

D . 1 . 1 MULTI REGI ON 

Oak Ri dge Nati onal Laboratory ' s  MULT I REG I ON model , wh i c h  ut i l i zes the Bureau of Econom i c  Ana l ys i s  
( BEA)  area as  the funct ional reg i onal un i t ,  provi des the reg i onal econom i c  and demograph i c  base 
for the energy consumption project ions . MULT I REG ION i s  a formal econometric/s imu l at ion model for 
project i ng reg i onal  acti v i ty based on a nati onal forecast .  The deta i l s  of the model and compari 
son wi th several a l ternati ves are descri bed el sewhere (O l sen et a l . 1 975 ) . I n  th i s  report , on ly  
several key structures of the  model which  ma ke it  espec i a l l y  usefu l  for the  REBS system wi l l  be 
presented . 

The MULT I  REG ION framework i s  des i gned to project genera l reg i onal trends rather than year-to-year 
fl uctuati ons ; thus , the model operates and produces projecti ons of popu l at i on and empl oyment 

D-l  
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characteri s tics  in fi ve-year i n terval s .  The model a l l ows for d i fferent temporal adjustments i n  
the equ i l i brati ng process wh i ch bal ances popu l at ion/ l abor force part i c i pants and empl oyment 
opportun i t ies . I n i t i a l  project ions  of popu l at ion growth , m i g rat i on , and empl oyment g rowth are 
bal anced w it h i n  the fi ve-year peri od .  However ,  other forces , such as chang i ng i ndustri a l  com
pos i t i on , age structure of the popu l at ion , and m i grati on and empl oyment opportun i t ies  can have 
l ong-term and continuous effects over a series of fi ve-year time interval s .  An examp l e  of the 
sector deta i l  of MULT I REG ION empl oyment projecti on is presented in Tabl e 0 . 1  with national 
empl oyment and popu l at ion forecas ts used in the current ana l ys i s .  

Tab l e  0 . 1 .  U . S .  Total Popu l at i on and Empl oyment Project ions  
Based on  MULT I REGI ON BEA Forecast 

( numbers of person s )  

Sector 1 975 1 985 

Agri cul ture 2 , 45 7 , 1 5 1  2 , 1 96 , 955 
Fores try and f i s h  1 0 1 , 1 98 1 1 5 , 998 
Metal mi n i ng 87 , 799 86 , 999  
Coa l  mi n i ng 1 42 , 498 1 5 1 , 998 
Crude o i l and gas 242 , 1 98 222 , 998 
Nonmetal mi n i ng 1 1 1  , 396 1 1 5 , 996 
Construction 4 , 804 , 31 6  5 , 806 , 9 1 8  
Food and k i ndred 1 , 767 , 754 1 , 81 4 , 955  
Texti l es 859 , 1 94 897 , 994 
Apparel 1 , 259 , 268 1 , 39 5 , 949 
Pr int ing  and publ i s h ing  1 , 246 , 480 1 , 51 5 , 956 
Chemi cal s 1 , 044 , 995  1 , 3 1 9 , 972 
Lumber and furn i ture 948 , 794 1 ,023 ,995 
Mach i nery 1 , 974 ,850 2 , 2 5 3 , 945 
E l ectri c mach i ne ry 2 , 043 ,046 2 , 630 , 934 
Motor veh i c l es 894 , 695 1 , 034 , 994 
Trans portat ion equ i pment 1 , 1 34 , 291 1 , 1 38 ,992 
Paper 706 , 794 838 , 994 
Petro refi n i n g  249 ,896 268 , 995 
Pr ima ry meta l s  1 , 098 , 291  1 ,067 , 991  
Fabri cated meta l s  1 , 738 , 448 2 , 01 1  ,953  
Other man ufacturing  2 , 790 , 628 3 , 392 , 91 8  
Ra i l  524 , 994 41 4 ,995 
Truck and warehouse 1 , 1 37 , 1 9 1  1 , 406 , 972 
Trans portat ion servi  ce 1 , 1 33 , 791  1 , 36 7 , 982 
Commun i cat ions  1 , 1 99 , 990 1 , 6 1 9 , 959 
Ut i l i ties  1 , 322 , 079 1 , 595 , 967 
Who lesa l e  3 , 294 , 329 4 , 045 , 32 1  
Reta i l  1 3 , 1 77 , 521 1 6 , 1 81 , 5 1 7 
Fi re 4 , 275 ,81 3 5 , 697 , 922 
Lodge and personal serv ice 2 , 384 , 944 2 , 532 , 938 
Business  and repa i r  2 , 975 , 731 4 , 375 ,9 1 9 
Amusement servi ce 685 , 695 834 , 994 
Pri vate hou seho l ds 1 ,040 , 594 895 , 994 
Profess i ona 1 1 5 , 622 , 01 4 21 , 489 , 728 
Pub l i c  admi n i strat ion 4 , 463 , 326 5 , 785 ,9 1 7 
Armed forces 1 , 678 , 736 1 , 566 , 754 

1 990 

2 ,002 , 958 
1 1 9 , 998 
82 , 999 

1 47 , 998 
203 , 998 
1 1 1 , 996 

6 ,01 4 , 9 1 8  
1 , 75 7 , 964 

874 , 994 
1 , 392 , 953 
1 , 591 ,951  
1 , 41 1 , 954 
1 , 009 , 994 
2 , 301 , 946 
2 , 835 ,933 
1 , 0 57 , 994 
1 , 1 1 5 ,990 

862 , 994 
263 , 996 

1 ,01 6 , 995 
2 , 065 , 950 
3 , 543 , 92 1  

358 , 995 
1 , 481 , 970 
1 ,436 , 983 
1 , 775 , 947 
1 , 668 , 962 
4 , 206 , 728 

1 6 ,82 7 , 1 04 
6 , 1 77 , 91 5  
2 , 482 , 944 
4 , 988 , 926 

862 , 995 
802 , 995 

23 , 626 , 560 
6 , 329 , 91 3  
1 , 566 , 754 

Popul ation  2 1 3 , 444 , 976 234 ,06 3 , 955 245 ,073 , 933 

MULTI REG ION generates B EA area projections of ma l e  and femal e  popu l at i ons  for 1 6  age g roups , 
a l though the REBS system currently uti l i zes only the total popu l at ion project ions . Emp l oyment  
is  foreca sted for  37 sectors categori zed  by bas i c  structure ( resource oriented - 6 sectors , 
manufactur ing  i n du stries - 1 5  sectors , and servi ce ori en ted - 1 6  sectors ) .  The structure of the 
projecti on techn i que for each sector  i s  determi ned general l y  by the bas i c  s tructure . Resource
oriented i ndustries are projected  w i th i n  a s h i ft-share framework , manufacturing  i ndustries by a 
reg i ona l  advan tage approach , and servi ce-ori ented i ndus tri es by a reg i onal  base model . 
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MULT I REG ION recogn i zes i nterregi onal l i n kages th rough an economi c potenti al ( d i s tance ) approach , 
s uch that the project ions fo r a g i ven BEA area a re determi ned i n  part by the l evel of acti v i ty 
i n  nearby areas . S imi l a rl y ,  each i ndustry i s  l i nked spati a l ly  and s tructu ral ly  to other 
i ndustri es that are purchasers or s uppl i ers of i nputs to the i ndus tri es ' product .  I nterregi onal 
m i grati on and l abor force pa rt i c i pants are both i ncorporated in the model and re l ated to under
lyi ng changes i n  reg i onal emp l oyment potenti al . 

Importan tly , MULTI REGION was des i gned as a s imul ation model and thus can provi de base forecasts 
wh i ch can be updated qu ick ly and eas i l y ,  as wel l  as a vari ety of reg i onal forecasts based on 
di fferent nati onal econom i c  projecti ons . MULTI REG ION was des i gned to use projecti ons from the 
I nforum (A lmon et al . 1 974 ) nati ona l  i nput-output model as the dri v i ng force for the reg i ona l i 
zati on . Th i s  choi ce provi des MULT I REG ION wi th the potentia l  i nteri ndus try changes that come 
about under di fferent as s umpt ions about national economi c  forecasts . Other nati onal projecti on 
mode l s , however,  can eas i l y be used.  The projecti ons used i n  the current analys i s  have been 
made based on Offi ce of the Bureau of Econom ic  Research and Stati stics  ( OBERS ) nati onal  pro
jecti ons ( U . S .  Water Resources Counc i l  1 974 ) .  

The econom ic  forecasts whi ch are u sed i n  the P I ES model are based on the Data Resource I ncorpor
ated ( DR I ) nati onal and s tate forecasts ( Federal Energy Admi n i strati on 1 976 ) .  To the extent 
that these two nati onal project i ons di ffer , an i ncon s i s tency exi s ts between the P I ES energy 
project ions and the reg i onal project ions presented here . However,  i t  i s  not fel t that th i s  
di fference i n  the nati onal series wi l l  res u l t  i n  seri ous probl ems i n  the patterns o f  reg i onal  
energy cons umpt ion . 

0 . 1 . 2  County Projecti on A lgori thm 

For the REBS sys tems to be ab l e  to prov i de projecti ons for a wi de variety of reg i ons , i t  was 
necessary to i n crease the reg i onal deta i l  avai l ab l e  from the MULTI REG ION-BEA forecasts .  Con
sequentl y ,  a computer a l gori thm that a l l ocates the BEA area projecti ons provi ded by MULTI REGION 
to the consti tuent counties of each BEA area has been deve l oped . The mode l reta i ns the deta i l ed 
age/sex cohort s tructure and emp l oymen t categories used i n  MULT I REGION . County popu l ation  pro
jecti ons are made us i ng 1 970 census estimates of county popu l ati ons by age/sex cohort ( as a base 
for the fi rst  foreca st  peri od ) and then ag i n g  the popu l ation  - s i mi l ar to the procedures used 
i n  MUL T I REG ION .  Any di fferences i n  the projected BEA total ( for each cohort )  as computed from 
the s ummati on of county forecasts and the MULT I REG ION forecasts are a l l ocated i n  proporti on to 
each county share of the BEA popu l at ion .  These county projecti ons are then used as the base 
for the next forecast period .  

S i mi l ar ly ,  emp l oyment projecti ons are i n i ti a l i zed by 1 970 county/sector emp l oyment data , wi th 
any growth by sector a l l ocated proporti onal ly  to the pas t emp l oyment patterns by sector .  If  a 
"new" i ndustry appears i n  the BEA forecast ,  i t  i s  a l l oca ted on the bas i s  of  tota l county emp l oyment.  
Al though the procedure is  somewhat s imp l e ,  i t  does a l l ow for di fferential  county gro�/th , depend ing 
on whi ch i ndustri es are growing  i n  the BEA area .  

C urrent ly ,  there i s  no t i e  between the  county popu l ati on projecti ons and  empl oyment growth . 
Consequently ,  jobs may be expanding  i n  one county whi l e  pres umab ly these workers may be l i vi ng 
i n  other count ies wi th i n  the BEA area . Thus , we maintain  the concept of the BEA area as the 
re levant reg i on for i nteracti on between s upp ly and demand for l'abor rather than i mpose a county
l eve l equ i l i br i um .  Al though a forma l ba l ance between popu l at ion and empl oyment ( Ly l ocati on ) 
shou l d  not be i mposed at the county l eve l , a re l at ionsh ip  between the two c l early  exi sts . How 
coun ti es deve l op w i th i n  the framework  of a mul ti county envi ronment i s  one of the research areas 
we w ish  to deve l op w ith i n  the MULT I REG ION framework . Such research , of course , i s  neces sary 
before any s i gn i fi cant i mprovement on the county-l evel projecti on mode l can be real i s t i cal ly  
expected .  Any county projecti on model needs to  be con structed w i th i n  the  framework of the 
broader regi onal acti v i ties  i n  whi ch a county is enmes hed , which s uggests the use of a step-down 
approach . Th i s  approach forecasts for BEA areas and then uses these esti mates of " reg i ona l "  
growth to determine  the proba b l e  pa tterns o f  the consti tuent counties . 

The curren t vers i on of the model needs much more research and deve l opmen t before re l i ab l e detai l ed 
forecas ts at the county l eve l can be presented . Nonethe l es s ,  the model i s  currently an adequate 
too l to faci l i tate the remappi ng of reg i onal forecasts from one scheme to another ( e . g . ,  converting  
BEA forecasts to  s tate , aggregated water s ubarea (ASA ) , or  a ir  qual i ty control reg ion  (AQCR)  
projections by  d i saggregati ng BEA  projecti ons to  counti es and  add ing up a l l coun ties to the  
des i red rEg i on ) .  
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D . l . 3 Reg i onal Energy Consumpt ion i n  the Fi nal Demand Sectors 

Energy cons umed by fina l  end uses i n  the res i dentia l , commerc i a l , i ndustria l , and transportation 
sectors i s  estimated on the bas i s  of the projected reg i onal empl oyment and popul ati on model d i s 
cussed above . The energy cons umpti on s ubmodel projects regi onal  energy demand u s i ng base-year 
energy use patterns and forecasted econom ic  acti v i ty .  These est imates are generated separate l y  
for each fuel cons idered and for each of the empl oyment sectors projected b y  the MULT IREG ION 
model  and the res i den t i a l  sector represented by tota l popu l at i on .  The regi onal un i t  uti l i zed 
may be the county or any aggregate of count i es . Because of the l arge number of fuel s usua l l y  
cons i dered i n  any gi ven analys i s ,  mu l ti county regi ons are common l y  regarded as the un i t  o f  
ana l ys i s  t o  faci l i tate the data proces s i n g .  Such mu l ti county un i ts are defi ned as t h e  l argest 
group ing  of  coun ties that wi l l  a l l ow s impl e aggregati on to the di fferent gr ids requi red i n  a 
study . ( For  the current analys i s ,  a l l  counti es i n  the same state , ASA , and AQCR are aggregated 
to form the reg i onal un i t  of  ana l ys i s . ) 

For the presen t d i scus s i on ,  estimates for an i nd i vi dual coun ty are con s i dered,  al though county 
data usual l y  are not estimated as a practical  matter .  U s i n g  the county- l eve l forecast of  
popu l ati on and  detai l ed empl oyment provi ded by  MULTI REGION and  the  county al gori thm , we  compute 
a demand for a fuel by the fol l owing s impl e equati on ; ( Energy ) Demand = Empl oyment x Empl oymentForecast  . 

Base 

The forecasted emp l oyment popu l ati on i s  mul ti pl i ed by the per worker ( capi tal ) consumpti on 
exhi b i ted i n  a base year .  Curren tly,  energy per worker i nd ices have been computed on the bas i s  
o f  1 97 1 - 1 972 data u s i ng s tate data from a vari ety of sources . (The data sources are d iscussed 
in each of  the data vol ume suppl ements in the series Energy Availabilities in State and Local 
Deve lopment.  The i n d i ces are currently be i ng updated wi th 1 975 data . ) Th us , reg i onal d i ffer
ences assuma b l y  are represented in the h i stor ic  state data . Moreover ,  energy consumpti on 
patterns by i ndustry are s im i l ar wi th i n  i nd i v i dual states . 

A s impl e i n terpretati on of the procedure i s  that the demand estimates represent the amount of an 
energy product requi red if i ndustries ma i n ta i n  the i r  h i s tori c con sumption patterns but have the 
act i vi ty (empl oyment) forecasted . The i nd i v i dual demands can then be summed to the sectora l /  
reg i onal  l evel conta i ned i n  a scenar io  forecas t .  Because the scenar i o  project i ons  usua l l y  i mply 
a change from h i s tori c consumpt i on pattern s ,  the sum of  the demand estimates wi l l  need to be 
adjusted to match the projected energy consumpti on i n  the scenari o .  Wi th the curren t procedure , 
each of  the component demands i s  s i mply adj usted proporti onately so that the i r  total wi l l  equa l 
the prOjected tota l i n  the control l i n g  scenari o .  

Current research i s  d i rected toward devel oping  s tate and substate equations  to estimate and 
foreca st energy per worker rat i os for two-di g i t  manufactur ing  i ndustri es so  th at the rel ati ve 
i mportance o f  the proporti onate adjustment to the control l i n g  scenari o may be re l axed .  Such an 
extens i on seems important from two aspects that have been rai sed by our experi ence w i th the 
s i mp l e  procedure . F i rs t ,  the assumpt i on of homogene i ty with in  states appears untenab l e  in s ome 
s ta tes , and s ubstate i nformat ion may be requ i red . Whether i ntras tate d i fferences are caused by 
pri ce d i fferenti al s or  o ther factors sti l l  needs to be determi ned . Second ,  the poten tial  for 
di fferenti a l  pri ce res ponse i n  each i ndustry seems a l i ke ly  occu rrence that needs to be i ncorpor
ated i nto the ana lys i s .  Nonethel ess , the s i mpl e al gori thm has presented us w i th a useful tool 
to estimate both h i s toric  substate data as wel l as scenari o projections  ( R i ce and Vogt 1 977 ) . 

D . l . 4 Reg i onal Ai r Qual i ty Impacts 

Havi ng estimated the reg i onal  patterns of fuel consumpti on , as descri bed prev i ou s l y ,  projections 
for a i r  emi s s i ons  can be deri ved u s i ng s tandard emi ss i on l oading  coeffi c i ents . The l eve l s  of  
vari ous emi s s i ons  genera ted by  the  consumpti on of  parti c u l ar fuel forms are presented i n  Tab l e  
D . 2 .  These coeffi c i ents represent the permi s s i b l e  l evel of  emi s s i ons  for 1 985 for each of the 
bas i c  fuel typ�s : l i q u i ds , gases , and sol i d s .  Because a s i ng l e  standard was used for a l l  
reg i ons i n  the Un i ted States , i t  i s  assumed i n  the res u l ti n g  projecti ons that al l regi ons wi l l  
meet these emi s s i on requ i rements , regard l ess  of curren t pract ices . 
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Tab l e  0 . 2 .  Emi ss i on Coeff ic i ents for Foss i l  Fuel Boi l ers 

Coeff ic ients ( l b/mi l l i on Btu ) 

Total Suspended Part ic l es Sul fur D i ox ide N i t rogen Oxi des 

L i q u i ds 0 . 1  0 . 8  0 . 3  

Gases 0 . 0  0 . 0  0 . 2  

Sol ids  0 . 1  1 . 2 0 . 7  

From USEPA ( 1 971 ) .  

The actual projecti ons  of fuel consumpti on and associ ated res i dual s were based on a very deta i l ed 
categori zat i on of fuel type and end use .  The defi n i t i ons  of the separate fuel s for whi c h  emi s
emi ss i ons are estimated are ava i l able  as supporting  documentat i on ( i n  the form of computer tapes 
or  l i st i n g s )  from ORNL . 

Base-case estimates of fuel consumption and emi ss i ons for total suspended part i c les  ( TSP ) , 
n i t rogen ox ides ( NOx ) ,  and su l fur  d i ox i de ( S02 ) are presented i n  Tab l e  0 . 3  for each of the major 
sectors in the Un i ted States . The emi ss i ons l evel s presented i n  Tab l e  0 . 3 ,  however ,  are those 
for fos s i l  fue l  boi l ers , and consequently ,  the i r  use for the res i dent i a l  and commerc i al sector 
i s  an approxi mati on to the actual l evel s .  Because of the very l arge d i fference in the potentia l  
emi ss i ons l evel s  per  Btu  in  consumpti ons of fuel s i n  transportat ion use ( espec i a l ly  NO  ) ,  the 
emi ssi ons l evel s for the transportati on sector are not reported . Wi th appropri ate coe�f ic ients 
for fuel use in the transportat ion secto r ,  these emi s s i ons l evel s cou l d  be cal cu l ated with i n  the 
current vers i ons of the model . S imi l ar tables were prepared for each AQC R ,  ASA , and state and 
were provi ded to the vari ous study groups in the project for deta i l ed i nterpretati on and analys i s .  

Tabl e 0 . 3 .  Projecti ons o f  Fuel Consumpti on and Res idua l s  for the Un i ted States 

Res i dual s  (Mi l l i ons of Pounds 

Total Fuel Consumpti on Total Suspended Sul fur 
(Tri l l i ons of Btus Per Year)  Part i c l e s  D iox i de 

1 985 

Industri a l a 26 ,888 931  8 , 585 

Uti l i ty 31 ,692 1 , 923 2 1 , 748 

Res i dent i a l  and commerc i a l a 1 9 , 986 636 4 , 537 

1 990 

I ndustri al a 32 , 278 1 , 1 33 1 0 , 1 94 

Ut i l i ty 38 , 1 74 2 , 1 88 25 , 1 70 

Res i dent ia l  and  commerc ia l a 21 , 000 685 4 , 870 

a I ncl udes el ectr i c i ty consumpt i on but excl udes the transportati on sector ( see text)  . 

0 . 1 . 5 Fuel Cons umption and Ai r Emi ss i ons  i n  the E l ectri c Uti l i ty Sector 

Per Year) 

N i trogen 
Oxi des 

6 , 329 

1 2 , 557 

3 , 3 1 7  

7 , 379 

1 4 , 572 

3 , 336 

Fuel consumpti on and a i r  emi s s i ons from e l ectri c i ty generators are estimated separate l y  from the 
other sectors . A detai l ed approach i s  used for e l ectr i c  uti l i t ies  because of the i mportance of 
the sector as  wel l  as  the avai l ab i l i ty of more refi ned i nformati on than the estimated reg i onal 
emp 1 oyment . 

The reg i onal forecasts of e l ectrical  generat ion are primari l y  based on the uti l i ti es '  announced 
p l ans for capaci ty expan s i on and pl ant ret i rements . The schedul ed capac ity of the e l ectri c 
uti l i ty sector , as reported to the Federal Power Comm i s s i on ( FPC) , i s  ava i l a b l e  on compute r  tape 
( catal ogued as the Generating  Un i t  Reference Fi l e )  from the FPC in Wash i ngton , D . C .  I t  i s  noted 
that ORNL has made many revi s i ons  and correct ions to the ori g i nal  data and has spati a l l y  l ocated 
many p l ants for wh ich  the coun ty l ocat i on was not i nd i cated on the ori g i nal  computer tape . 
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The schedu led capaci ty as reported by the uti l i ty i ndustry ,  however , must be reconc i l ed wi th 
scenario  forecasts . Th i s  task  i s  accompl i s hed by u s i ng the scenari o aggregate projections of 
genera t i on , capac i ty ,  and fuel consumpti on as reg i onal  con trol tota l s .  The uti l i t ies ' p l anned 
expan s i on for each reg i on can then be compared with  the scena rio  forecast for sel ected prime 
mover and fue l -type categori es . 

To compare actua l ut i l i ty pl ans and a scenari o ,  i n format ion as to each generat i on source needs 
to be s i mi l arly structured . Consequentl y ,  a procedure was devel oped to cl as s i fy each pl ant 
accord i n g  to i ts prime mover and major fue l cons umed . The categories con s i dered are presen ted 
i n  Tab l e  0 . 4 .  

Tab l e  0 . 4 .  C l a s s i f i cat ion o f  E l ectri c Generati on by Prime Mover and Fuel Type 

Generat ion Cl ass Generat ion Character ist icsa 

Capaci ty Factorb Heat RateC 
C lass  Fue l Type Prime Mover ( % )  ( Btu/ kWh ) 

01 Coa l Convers i onal steam 62 1 0 , 247 

02 Coa l Advanced ( comb i ne cyc l e )  36 9 , 750 

03 O i l Conventi onal steam 30 1 0 ,478 

04 O i l Combust ion turb i ne 1 2  9 , 623 

05 Gas Conventi onal steam 33  1 0 , 386 

06 Gas Combus t i on turb i ne 6 1 5 ,845 

07 Hydro Conventi onal 58 1 1  , 000d 

08 Hydro Pump storage ( and pea k i n g )  9 1 1  , 000d 

09 Nucl ear Conventi onal steam 65 1 1  , 000d 

1 0  Nucl ear Advanced ( breeder and h i gh-temperature gas )  54 1 1 , 000d 

1 1  Other Geotherma l 80 1 1  , 000d 

1 2  Other Sol ar 42 1 1  , 000d 

1 3  Other Waste heat ( steam turbi n e )  3 6  1 1 ,000d 

1 4  Other Refuse ( steam turb ine )  36  1 1 , 000d 

a1 985 projecti ons ( Un i ted Stages averages ) ;  capac i ty factors and heat rates have been computed 
from the P IES Mi d-Mi d Scenari o .  

bThe capac ity factor measures the percent of forecasted annual generati on to potenti a l  genera
t i on on the bas i s  of i nsta l l ed capaci ty .  

cThe heat rate measures fue l consumption for the genera t i on o f  e l ectri c i ty i n  Btu ' s  o f  fue l 
consumed per k i l owatt hours generated .  

d Foss i l l  fue l equ i va l ent .  

To mod i fy the  p l anned expans i on of the uti l i t ies , a s i mp l e  s i t i ng  scheme was empl oyed .  For each 
of the substate reg i ons con s i dered in the demand ana lys i s , an estimate of sched u l ed ca paci ty was 
obtai ned by aggregating  the FPC forecasts of each ut i l i ty in the reg i on ,  adjust ing  for ann ua l 
reti rements and proposed fac i l i t i es . 

The s i ti n g  analys i s  then requi res two ba s i c  s teps . F i rs t ,  where the projects i n d i cate the 
nunber of pl ants for a generating  technol ogy wi l l  be overbu i l t ,  the schedu l ed ca paci ty in al l 
s ubareas w i th i n  the census  reg i on was proport iona l ly decreased . Each technol ogy i s  treated 
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separate l y ,  and c hanges in capac i ty are a l l ocated reg i onal l y  i ndependent of exces s demand .  
Secon d ,  where addi ti ona l  uni ts are requ i red ,  accord ing t o  a scenari o ' s  project ions , these pl ants 
are l ocated proporti onate ly  to schedul ed capaci ty .  

A deta i l ed s i t i ng  anal ys i s  s hou l d  cons i der many other factors i n  adj usting  t o  scena r i o  capac i ty .  
Oak Ri dge National  Laboratory has deve loped several extens i ve procedures to conduct such ana l yses 
at the county l eve l ; these procedures con s i der popu l ation dens i ty ,  water ava i l ab i l i ty ,  se i sm ic  
r i s k , and  a ir  qual i ty standards , among other vari abl es ( for  exampl e ,  Dobson et a l . 1 977 ) . I n  
gene ra l , however ,  such a detai l ed approach i s  not done i n  the framework o f  the s tandard REBS 
mode l . Any g i ven regi on can be analyzed i n  more deta i l ,  of course , on the basi s of the i n for
mati on p resented in these tabl es . To faci l i tate such a compari son , the standard output i n 
di cates the amount of  adj ustment made i n  each regi on .  

Using uti l i ty-pl anned expans i ons , both generati on and fuel consumpti on can be estimated .  These 
forecasts , however , must be con s i stent w i th the " average technol ogy" embedded in the con tro l l i ng 
s cenari o .  The a ssumpti on of an "average technol ogy" i n  the e l ectric  uti l i ty sector i s  summari zed 
i n  t he assumed val ues for heat rates and capaci ty factors . For each category of generating  
technol ogy cons i dered , reg i onal averages for  heat  rates and capac i ty factors are deri ved from 
the s cenari o projecti ons .  

Capaci ty factors i ndi cate the average amount of genera t i on re l at i ve to potenti a l  capac i ty .  
Turb i ne generators , for examp l e ,  a re used primari l y  t o  sati sfy pea k i ng requ i rements , operate 
i nfrequent l y ,  and have l ow capaci ty factors . Nucl ear p l ants  and conven t iona l  fos s i l -fi red steam 
pl ants are genera l ly base- l oad pl ants w i th h i g h  average uti l i za t i on rates and h i gh - l oad factors . 
Tab l e  0 . 4  presents as an exampl e  the nati onal  val ues for heat rates for each p l ant type as com
puted from the P I ES mi d-mid  foreca sts . The actua l  projections used reg i onal  ( FEA reg i on )  esti 
mates deri ved from the P I ES scenari o .  

The average capac ity factors are app l i ed t o  the p l anned capac i ty o f  each p l ant t o  determ i ne the 
probab l e  generati on of e l ectri ci ty .  The p l ant estimates are then aggregated to prov ide total 
generati on for each category i n  each control reg i on .  

Fuel consumpti on for each control reg i on i s  estimated us i ng average heat rates a l so computed 
from the scenari o .  A heat rate i ndi cates the amount of fuel consumed to produce one k i l owatt 
hour of e l ectri c i ty .  By a pp lying  these heat rates to the p l ant generati on estimates , tota l fuel 
cons umption for each p l ant  i s  deri ved . The estimates of fuel cons umpti on ,  e l ectri c generati on , 
and capaci ty are then constra i ned to the ' scenario  projecti ons .  

Because o f  the nature of the approach used i n  our analysi s ,  two cons i derat ions shou l d  be kept i n  
m i nd when exami n i ng s peci fi c reg i ona l  forecasts . The fi rst re l ates to the use of "average" 
reg i onal c haracteri stics  and the second to the i mp l i cations of the s imp l i fi ed s i ti ng scheme . 

Aggregate heat rates and capac i ty factors are used to mai nta i n  con s i stency wi th the contro l l i ng 
scenari o .  However ,  i ndi v i dual  p l ants may have h i s tor ical l y  dev iated from these averages .  For 
exampl e ,  a pl an t may be used to sat i sfy i n termediate l oad requi remen ts fo r a uti l i ty ,  a l though 
i t  i s  c l assi f ied as a base-l oad p l ant. Each p l ant i s  treated as an " average" pl ant in the ana l ys i s .  
I t  wou l d  be extremely  di ffi cu l t to retai n  and use h i s torical  character ist ics  for each p l ant i n  
the future . Consequen t l y ,  a s sumi ng that each p l ant has  average reg i ona l  characteri s ti cs i s  the 
on l y  feasi b l e  approach . The projections  s hou l d  remai n  cons i stent wi th the scenari o ,  though 
i ndi vi dua l  p l ants may be i ncorrectly estimated .  I f  a part i cul ar p l ant has  a s i gn i fi cantly 
d i fferent capac i ty facto r  and hea t  rate , i ts generati on and fuel  use may be mi srepresented . For 
those regions  i n  wh ich  there are few pl ants , the forecasts shou l d  be con s i dred wi th utmost care . 
For those regi on s  i n  whi ch the re are several p l ants , the total s presented for the reg i on are 
mo re re 1 i a b 1 e . 

The changes i n  the schedu l ed capac i ty p l anned by uti l i ti es and those neces s i tated by the P I ES 
scenario are reported i n  Tab l e  0 . 5 .  The total changes for the Uni ted States (wi th generat ion 
capac i ty aggregated by type of fuel i nputs ) are l i sted as a summary exampl e of the total modi f ica
t i ons necessary to meet the  s cenari o (Tab l e  0 . 5 ) .  S i mi l ar tab l es have been produced for each of 
the reg i onal  concepts used in the study .  

I n  concl u s i on , the forecasts  presented b y  the s i mp l e  procedure for the e l ectr i c  ut i l i ty sector 
provi de base l i ne est imates of "average " character i st ics  consi stent wi th the con trol l i ng scenar io  
u s i ng the schedu l es of the uti l i ties . When cons i dering spec i f i c  reg i onal  project i ons , the pro
jecti ons s hou l d be compl emented by reg i on-spec i fi c  i nformati on . 

The 1 6  reg i onal  esti mates of fuel cons umption  by generati on techno l ogy (deri ved above ) and the 
emi s s i on coeffi c i ents ( reported earl i er i n  Tab l e  0 . 2 )  can be used to estimate the l eve l of 
emi s s i ons . The estimates of fue l consumption and i mpl i ed emi s s i on l eve l s for the Uni ted States 
as  a who l e  are presented in Tabl e 0 . 3 .  



0-8 

The projecti ons l i sted in Tab l e  0 . 3  are shown as an exampl e ;  s i m i l ar i n formation  has been pro
v ided to i nd i v i dual s tudy groups for the va rious  reg i onal concepts requ i red for ana l ys i s .  

Tab l e  0 . 5 .  Scena r io  Adj ustments to Schedul ed Capacity i n  the U n i ted States 

Capac ity ( 1 000 MW) 

Mod i fi cat i ons  Made Schedul ed b� Uti l i t i e s  t o  Meet Scena r io  
Fuel Type 1 985  1 990 1 985 1 990 

Coa l 293 . 6  301 . 5  - 1 0 . 8  40 . 7  
O i l  1 54 . 6  1 54 . 2  24 . 1  47 . 3  
Gas 69 . 7  69 . 3  9 . 4  1 1 . 4 

' Hydro - conven t i onal  70 . 5  70 . 5  0 . 7  5 . 3  
Hydro - pump 1 8 . 5  2 2 . 2  2 . 6  6 . 8  
Nucl ea r - convent iona l  1 69 . 8  1 99 . 3  -70 . 8  -35 . 3  
Nuc l ear - advanced 1 . 5 2 . 7  - 1 . 5  - 2 . 7  
Geotherma l 2 . 2  2 . 2  0 . 6  1 . 4 
S o l a r  0 . 0  0 . 0  0 . 0  0 . 0  

0 . 2 ESTIMATES OF THE A I R  QUAL ITY IMPACTS O F  COAL CONVERS ION I N  THE I NDUSTRIAL SECTOR 

Est imates of the amount of o i l  and natural  gas con sumpt ion that wou l d  be con verted to coa l in the 
i ndustri a l  sector were prov ided by the Departmen t of Ene rgy ( DOE ) .  These est imates  (Tab l e s 0 . 6  
and 0 . 7 )  were based o n  an exte n s i on o f  the P I ES model and provi de separate projections  o f  tota l 
o i l and gas convers i on for exi st i ng and new pl ants i n  each FEA reg i on .  (These projections were 
made by DOE s pec i fi ca l l y  for the current ana l ys i s . )  

0 . 2 . 1  Energy Cons umpt ion and Empl oyment Changes 

The aggrega te est imates of fue l convers i on were reg i ona l i zed on the bas i s  of the h i storic regiona l  pattern s of  o i l  and  natura l  gas consumpt ion i n  the i ndustri a l  sector us ing  the  methodo l o gy descri bed earl i er. To hand l e  exi s t i n g  and new p l ants separate l y ,  two analyses were req u i red fo r each projecti on year .  

For  th i s  s tudy ,  eXi sti ng  p l ants were defi ned by  DOE  as i n sta l l ati ons that wou l d  be brought on  l i ne by  1 979 . EX i s t i n g  p l ant  fue l conversions  were reg i ona l i zed u s i ng the  projected empl oyment pattern s for 1 980 wei ghted by the h i s toric i ndus try cons umption i ndices  of  res i dua l fuel o i l  and natura l  gas con s umption . The amount of decreased consumpti on of natura l  gas and o i l  was then ass umed to be repl aced by an equ i va l ent amount ( Btu ' s )  of coal . The 1 980 i ndustri a l  emp l oyment  patterns were used i n  both the  1 985 and  1 990  estimates of fuel convers i on for ex i s ti n g  pl ants .  
To ca pture the reg i onal  i mpact o f  new p l ants that wou l d be affected by the coa l convers ion program , an est i mate of reg i  ona 1 growth by i ndus try was neces sary .  For the 1 985 forecast , the empl oyment growth between 1 980 and 1 985 was computed u s i ng the MULT I REGION project ion s .  The 1 990 est imates of new act i v i ty were based on the projected i ncrease in reg i onal  emp l oyment between 1 985 �nd 1 99 0 .  These net changes in reg i onal  empl oyment were then used as wei g hts i n  the standard reg i ona l i zation  procedure , a s  descri bed above , to est imate the reg i onal fuel convers i ons  for new pl ants . The projections represent the amount of projected increases in o i l and natural gas consumpt i on ( due to i ncreased economic  act i v i ty ,  assum i ng  reg i ons fol l owed thei r  h i storic energy consumpt i on patterns ) that wou l d  be converted to coa l . 
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Thus the estimates of reg i onal  convers i on are based on projected changes in emp l oyment ( from 
MULTI REGION ) and h i storic  energy consumpt ion patterns s imi l ar to the base-case forecast s .  
Because the l eg i sl ati ve effects o f  the coal convers i on rel ate d i rectl y t o  fuel combustors , 
however ,  reg i onal var iat ions  i n  p l ant  s i ze ,  as wel l as combustor s i ze and compos i t i on , may b i a s  
the empl oyment-based estimates . Consequent l y ,  each o f  the projected regi onal (AQCR )  conversi ons 
from the empl oyment-based model was cross-checked for feasi bi l i ty with h i stori c  i ndustri a l  p l ant
s pec i fi c  data .  In  several case s ,  l im i ts on  the  amount of conversi on a l l owed i n  a reg i on were 
estab l i s hed on the bas i s  of the h i stor ic  p l ant structure i nformat i on .  When l im its  were i mposed 
on an AQCR , the amount of o i l  or natural gas above the l im it  i n i t i a l l y  a l l ocated to the reg i on 
was redi stri buted to other AQCRs wi th in  the FEA reg i on .  The nature o f  these l im its  i s  descri bed 
more fu l l y in the next secti on .  

Tabl e 0 . 6 .  Maximum Fuel Conversion  Achi evedai n  1 985 by 
Coal Convers i on Regu l atory P rogram 

Federa l  Reg i on 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

Total  ( Uni ted States ) 

From Tabl e  3 . 2 .  

Exi sti ng 

Oi l 

0 . 008 

0 . 003 

0 . 01 2  

0 . 01 7  

0 . 069 

0 . 01 1  

0 . 003 

0 . 000 

0 . 001  

0 . 001  

0 . 1 26 

Quads 

Gas Oi l 

0 . 001 0 . 026 

0 . 002 0 . 025 

0 . 003 0 . 028 

0 . 044 0 . 070 

0 . 035 0 . 009 

0 . 1 1 1  0 . 1 41 

0 . 01 5  0 . 006 

0 . 005 0 . 009 

0 . 02 1  0 . 059 

0 . 001 0 . 007 

0 . 238 0 . 380 

New 

Gas 

0 . 001 

0 . 007 

0 . 004 

0 . 044 

0 . 003 

0 . 506 

0 . 001 

0 . 000 

0 . 043 

0 . 000 

0 . 609 

aAssumes no economic  exempti on unl ess  coal i s  44 percent more costly than use 
of i mported o i l .  Al so , best avai l ab l e  control technol ogy ( BACT ) on 25 MW ,  
trend l ong  basel ine , house screen ( excl udes un its  smal l er than 1 0  MW and 
ex ist ing noncoal capab l e ) , AQCR screen . O i l  price i s  wei ghted average of 
d i s ti l l ate and res i dua l  o i l  p l u s  $0 . 021 per mi l l i on Btus ( to account for COET) . 

0 . 2 . 2  L im its Imposed on the Regi onal Di saggregation of Fue l Conversi on 

Several l im its  were imposed on the projected o i l  and gas convers i on for each AQCR . The data u sed 
to establ i sh these l imits  was the Major Fuel Burn ing Instal l at ion (MFB I )  data fi l e  that was 
comp i led  by the FEA i n  1 97 5 .  These 1 974 data gave the amount of o i l , gas , and coal consumed i n  
i ndustri a l  combustors w i t h  desi gn-fi ring  rates greater than 9 9  x 1 06 Btu/ hr ( 29 MW ) . 

The quanti ty of o i l  or gas  conversi on to coal i n  exi sting  i ndustrial  p l ants was l imi ted to the 
quant ity consumed i n  l arge combustors ( g reater than 99 x 1 06 Btu/hr)  i n  1 974 . For exampl e ,  i f  an 
AQCR d i d  not contai n  any l arge combustors , no convers ion was a l l owed .  If the quantity of o i l or 
gas consumed in a reg i on was l es s  than the projected conversi on , the conversi on was l imi ted to 
that consumed i n  1 974 . I f  the amount of o i l  or gas consumed was greater than the proj ected 
convers i on for 1 985 but l es s  than the total conversi on projected for 1 985 and 1 990 ,  the p roj ected 
conversi on for 1 985 was permi tted and the 1 990  conver s i on l im ited to the res i dual l eft after 
subtracting the projected 1 985 conversi on .  
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Tab l e  0 . 7 .  I ndustria l  O i l and Gas Convers i ogs to Coal Achi eved by 
1 990 Re9u l atory P r09ram 

Fi 9u res Are Gi ven i n  1 0 12 Btus 

Exi stin9
b 

Newc 
Total 

Reg i on Oi l Gas Total Oi l Gas Total Oi l Gas Total 

1 . 7 0 . 2  1 . 9 1 6 . 7 3 . 1  1 9 . 8  1 8 . 4  3 . 3  2 1 . 7 
2 0 . 9  0 . 6  1 . 5 1 9 . 5  7 . 3  26 . 8  2 0 . 4  7 . 9  28 . 3  
3 1 . 0 1 . 7  2 . 7  25 . 7 1 1 .  7 37 . 3  26 . 7  1 3 . 4  40 . 1  
4 3 . 4  20 . 0  2 3 . 4  84 . 0  38. 5 1 22 . 5  87 . 4  58 . 5  1 45 . 9  
5 0 . 0  2 . 7  2 . 7  22 . 4  3 . 7  26 . 2  22 . 4  6 . 4  28 . 9  
6 3 . 7  1 99 . 3  203 . 0  1 08 . 5  502 . 7  6 1 1 .  3 1 22 . 2  702 . 0  81 4 . 3  
7 0 . 0  1 . 8 1 . 8 2 . 5  1 0 . 4  1 2 . 9  2 . 5  1 2 . 1  1 4 . 7 
8 0 . 0  1 . 3 1 . 3 6 . 0  4 . 7  1 0 . 7  6 . 0  6 .0 1 2 . 0  
9 6 . 9  7 . 4  1 4 . 3  1 5 . 1  50 . 1  65 . 2  22 . 0  57 . 5  79 . 5  

1 0  0 . 0  0 . 3  0 . 3  7 . 2  0 . 0  7 . 2  7 . 2  0 . 3  7 . 5  
Total 1 7 . 6  2 35 . 3  252 . 9  307 . 5  632 . 4  939 . 9  335 . 2  867 . 7  1 1 92 . 8  ( Un i te( States ) 

From Tab l e  3 . 2 .  
aBACT on 25 MWe , trend l ong base l i n e ,  AQCR screen . 
bEx i st ing  un i ts i nc l ude convers ion due to mi xed fuel DOE manpower constra i nts accounted for .  

f i r i ng on l y .  Storage space and 500-uni t 
c ·' New" uni ts i nc l ude new bo i l e rs of capac ity g reater than 1 0  MWe tha t are economica l l y  j u st i -f i ed i n  convert ing  to  coa l when the opportuni ty fuel co st  i s  imported price o f  o i l  (average of res i dual and d i st i l l ate o i l  p l u s  COET) . 

L im its were al so imposed on o i l  and gas convers ion for new fac i l i t ies . For th i s  case , the bas i c  
mode l  for project i ng ene rgy consumpt ion i n  new fac i l it ies  assumed that the l ocation of  these 
faci l i ties  fo l l owed exi st i ng i ndustrial  l ocat i ons . Thus , no o i l  or  gas convers i on was permi tted 
in AQCRs that do not conta in  l a rge combusto rs . A second l im itati on on new fac i l it ies  was that 
projected convers i ons which  amounted to l ess  than 400 x 109  Btu/year were not cons ide red . The 
rati onal e for th i s  restriction  i s  that 400 x 1 0 9  Btu/year woul d  represent a l oad factor of on l y  
4 5  percent o n  the sma l l est  combustor bei ng considered and that such a n  add i t i on wou l d  probab ly  
not  be added or e l se a smal l e r  un it  wou l d  be  bu i l t .  

0 . 2 . 3  Projected Increased Em i s s ion Due to the Coal Convers i on Program 
U S i ng the l im i ts of a l l owabl e  o i l  and natural gas convers i on ,  a second-pass  estimate of o i l  and natura l  gas that cou l d  be converted to coal was performe d .  The decrease i n  emi s s i ons resu l ti ng from the decreased uses of  natural  gas and res idual o i l  was then computed for each reg i on ( us i ng the emi ss i on coeff i c i ents tabul a ted earl ier ) . Offsett ing  this reduct ion was the i ncrease i n  emi s s i ons due  to  the  s h i ft toward coa l . For each regi on (AQCR , ASA , and state ) ,  tab l es have been provi ded showing the reg i onal changes in fuel consumpti on and emi s s i ons and a summary of the net i ncrease i n  emi s s i ons due to increased use of the coal . I n  Tab l e  0 . 8 ,  for examp l e , the project ions for the Un i ted States are p resented . It might be noted that the net i nc rease in  emi s s i ons  for the  Un i ted States i s  a sma l l percent of the  total bas e .  Howeve r ,  the impact for part icu l ar  sma l l reg i ons may be  much more S i gn if icant . Interpretati ons of the regi onal  impacts of the program are addressed by ANL and are reported el sewhere . 
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Tabl e 0 . 8 .  Net I ncrease i n  Emi s s i ons  due to Industrial  Coa l Convers i on 
i n  the Un ited States 

Increased Coal Consumpti ona 

(Tri l l i ons  of Btus Per Year) 

Net I ncrease in Emi s s i ons  
(Mi l l i ons  of Pounds Per Year )  

New pl ants 

Exi st ing  pl ants 

Total 

I ncreas e ,b % 

New pl ants 

Ex i st ing p l ants 

Total 

I ncrease ,b % 

989 

363 

940 

253  

1 985 

1 990 

Total Suspended 
Parti cl es 

6 1  

24 

85 

9 

63  

24  

87 

8 

aThe i nc reased coal consumption i s  offset by an equ i va l ent 
n atural gas  consumpti on . 

reducti on 

Sul fur 
D iox ide 

883 

335 

1 2 1 8  

1 4  

882 

289 

1 1 71 

1 1  

of o i l  and 

bpercent increase i s  rel at ive to projected emi s s ions in the industrial s ec to r  for 
the base case . 

N i trogen 
Oxi des  

456 

1 69 

625 

1 0  

439 

1 2 5  

564 

8 
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APPENDI X  E .  DESCR IPT ION OF COAL FUEL CYCLE AND RELATED HEALTH 
AND SOC IOECONOM IC  CON S I DERATIONS  

E . l  COAL RESOURCES AND PRODUCTION 

E . l . l C l a s s i f i cati on and Composi ti on of Coal 

Se veral di fferent systems have been proposed for the c l ass i fication of coal . The one most 
commonly u sed in the Uni ted States , the Ameri can Soci ety for Test ing  and Materi al s ( ASTM )  rank 
c l as s i fi cati on system , i s  based on the degree of l i th if i cati on and metamorph i sm of pl ant materia l  
( Rees 1 966 ) . According  to  th i s  system , rank i s  determi ned primari ly by the percentage of  fi xed 
carbon and the heat value ( Btu* content )  of the coal , cal cu l ated on a mi neral -matter-free bas i s .  
Knowl edge of moi sture content and vol ati l e  materi al  percentages i s  necessary for the cal cu l ati on 
of fi xed carbon percentages . Other determinations  commonly made on coal samp l es i nc l ude the 
ash , pyri ti c su l fu r ,  and total su l fur contents . The various coa l s are c l a s s i fied in Tab l e  E . l  
and compared by heat v a l ue , moi s ture content ,  and percentage of vol ati l e  matter i n  Figure E . l . 

E . l . l . l Ranks of Coal 

L i gn i te i s  the l owes t  ran k  of  coal . I t  has the l owest  heat val ue per un i t  wei ght (6300-8300 
Btu/ l b )  because i t  conta i n s  l arge amounts of water--up to 50 percent (American Society for 
Test ing  and Materi a l s 1 977 ) .  Larger quantit ies  of l i gn i te than of any other coal type wou l d  be 
needed to produce a spec i fied amount of energy. The h i gh  moi sture content makes l i gn i te d i ffi 
cu l t  to store or trans port . Because i t  weathers upon exposure to ai r ,  l i gn i te i s  general l y  used 
near the areas where i t  i s  m i ned . 

Subbi tuminous coal conta i n s  l es s  moi sture (20  to 30 percent) ( Ameri can Soc i ety for Tes ti ng and 
Materi a l s  1 977 )  and more carbon per pound than l i gn i te .  I ts heat val ues range from 8 ,300 to 
1 1 , 500 Btu/ l b  (Ameri can Soci ety for Test ing  and Materi al s 1 977 ) .  

Bi tumi nous i s  the most  abundant and w i despread ran k  of  coal i n  the Uni ted States (Averi tt 1 973 ) . 
Heat val ues range from 1 0 , 500 to 1 4 , 000 Btu/ l b  ( Ameri can Soc i e ty for Test ing  and Materi al s 
1 9 77 ) . B i tumi nous coal i s  commonly  used for i ndustri al purposes , s team generati on , and s pace 
heati ng . Some bi tumi nous coal s ,  e spec ia l ly  in the eas t ,  wi l l  form a coherent ,  cel l u l ar ,  porous . 
carbonaceous res i due cal l ed coke when they are heated to a temperature of 81 6°C ( 1 500°F )  or 
greater .  Co ke i s  u sed primari ly  as  a blast furnace fuel . Both coking  and non-coking  coal s can 
be used for power generati on .  

Anthraci te has  the l owes t  moi sture content , l owes t  percentage of vol ati l e  materi al s , and  h i ghest 
percentage of fi xed carbon and h i ghest heat content of  al l coa l s .  The major uses for anthraci te 
i n  1 975 were s pace heati ng , e lectric power generati on , and mi scel l aneous uses i n  the primary 
metal s i ndustry (Westerstrom 1 975 ) . 

E . l . l . 2 Ash i n  Coal 

Ash i s  the noncombusti b le  res i due that remai ns when coal i s  burned. Ash i s  formed by chemi cal 
changes in extraneous mi neral matter or in i norgani c  and organ i c  p l ant materia l  during  the 
combustion of coal . The extraneou s  mi neral material s often incl ude c l ay ,  cal ci te ,  pyr ite .  
marcas i te ,  and i norgan i c  s u l fi des , c h l ori des , and fl uorides ( Rees 1 966 ) . Problems wi th eff ic ient 
combusti on , d i s posal of  ash , boi l er s l ag g i ng , etc . i ncrease in d irect proporti on to the ash  
content of the coal ( Rees 1 966 ) . 

E . l . l . 3 Su l fur i n  Coal 

Su l fur occurs in coal as s u l fate , organ i c  s u l fur , and pyri t ic  su l fur ( Rees 1 966 ) . Perhaps 40 to 
80 percent occurs as the mi neral s of pyri te and marca s i te ( FeS2 ) .  The next most abundant source 

*To convert Btu ' s  to jou l e s ,  mul t ip ly  by 1 054 . 8 .  

E-l  
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Cl ass  

AnthraC i t i  c 

B i tumi nous 

Group 

Meta -anthra c i  te 
Anthrac i te d Semi anth rac i te 

Table  E . l .  Cl ass i fi ca t i on of Coa l s by Ranka 

F i xed Carbon Vol a ti l e  Ma tter 
1-i mi�J,&)� _ L i mi.t?.-.l!l b 

::: < > ::: -----.. -
98 2 
92 98 2 8 
86 92 8 1 4  

78 86 1 4  22 
69 78 22 31 

69 31 

Ca l ori fi c  Va l ue 
L i mi ts ( btu/ l b ) C 

:: < 

1 4 ' 000: 
1 3  000 1 4  000 

Low-vo l a t i l e  b i tumi no i s  coal 
Medi um-vo l ati l e  b i tumi nous coal 
n i gh-vo l at i l e  A bi tumi nous coa l 
H i gh-vo l a t i l e  B b i tumi nous coal 
H i gh-vo l at i i e  C bi tumi nous coal { 1 1  500 

1 0  500 
1 3  000 
1 1  500 

Subbi tumi nous 

L i gn i t i c  

Subbi tumi nous A coal 
SUbb i tumi nous B coa l  
SUbbi tumi nous C coal 

L i  gn i te A 
L i gn i te B 

1 0  500 
9 500 
8 300 

6 300 

1 1  500 
1 0  500 

9 500 

8 300 
6 300 

Aggl omerati ng 
Cha racteri s t i c  

Nona ggl  omera t i n g  

Common l y  agg l omera t ingf 

Aggi omera t i ng 

Nonaggl omera t i ng 

MOdi fied from Ameri can Soci ety for Tes t i n g  and Materi a l s  ( 1 97 7 ) . 
aT h i s  c l a s s i fi cati on does not i nc l ude a few coal s ,  pri nc i pa l ly nonbanded va ri e t i es , wh i c h  have unusua l phy s i c a l  and chem ica l  properties  
and whi c h  come wi th i n  the l i mi ts of fi xed carbon o r  ca l ori fi c va l ue of the h i gh-vol at i l e  b i tumi nous and subb i tuminous  ranks . Al l of 
these coa Ts e i ther conta i n  l ess  than 48 percent dry ,  mi nera l -ma tter-free fi xed carbon or  have more than 1 5 , 500 mo i s t ,  mi neral -ma tter
free Bri t i s h  therma 'l un i ts per pound . 

bOry , mi nera l -ma tter- free bas i s .  
cMo i s t ,  mi neral -ma tter-free bas i s .  Mo i s t  refers to coa l  conta i n i ng i ts na tura l i nheren t mo i s ture' but  not i nc l ud i ng v i s i b l e  wa ter on 

the s urface of  the coa l . 
d r f  agg l omera t i ng , c l a s s i fy i n  l Ow-vo l a ti l e  group  o f  the b i tumi nous c l ass . 
eCoa l s  havi ng 69 percent or more fi xed carbon on the dry , mi nera l -ma tter- free bas i s  s ha l l  be c l a ss i t l ed accord i ng to fi xed carbon , 

regard l ess  of cal ori fi c va l ue .  
f I t  i s  recogn i zed that  there may be nona gg l omera ti ng  va r i eti es i n  these gro ups  o f  the b i tumi nous c l as s , and there a re nota b l e  excep

t i ons i n  h i gh-vol ati l e  C b i tumi nous group . 
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Fi g .  L l .  Compari son on Moi st ,  M ineral -matter-free Bas i s  of 
Heat Val ues and Proximate Anal yses of  Coal of 
Di fferent Ranks .  From Averi tt ( 1 975a ) . 

i s  organ i c  su l fur from the ori g i na l  pl ant material . Sul fates compri se  onl y a very smal l  per
centage of the total su l fur. They occur as hydrou s  ferrous su l fate ( FeS4 0 7H 20 )  and as gypsum 
( CaS04 02H20 o ) ( Wal ker and Hartner 1 966 ) . The pri nc ipal  appl i cati on of su l fur content measurements 
i s  i n  the determinat ion of whether coal c l ean i ng or fl ue-gas desul furization wi l l  be necessary 
to meet EPA a i r  qua l i ty requ i rements . Pyr it ic  su l fur i s  rel ati vel y easy to remove from coal by 
speci fi c -gravi ty s eparati on methods ( descri bed i n  Sec .  E . 2 . 4 ) ; organ i c  su l fur i s  di ffi cul t to 
remove .  

E . l . 2  Coal Reserves and Resources 

Coal -beari ng  rocks underl i e  about 1 3  percent of the l and area of  the contermi nous Uni ted S tates 
( Fi g .  E . 2 ) ( Averi tt  1 975a ) .  Many of the coal depos i ts occur i n  broad shal l ow bas i ns .  For 
examp l e ,  coal in the Appal achi an basi n  i s  general ly  l es s  than 91 4 m ( 3000 ft) deep and covers a 
seven-state area . I n terior bas i n  coal s are usua l l y  l ess  than 61 0 m ( 3000 ft ) deep , Great Pl a i ns 
coal s l es s  than 457 m ( 1 500 ft )  deep , Powder Ri ver coal s l es s  than 6 1 0  m ( 2000 ftl deep , San 
J uan coal s l es s  than 1 2 1 9  m ( 4000 ft)  deep , and Raton Mesa coa l s  l es s  than 61 0 m (2000 ft) deep . 
Deep coal deposi ts exi s t  but  are l es s  common . Exampl es of these i ncl ude the coa l s  of the Uni ta 
Bas i n , whi ch  are 1 829 m ( 6000 ft )  deep ; the Green Ri ver coal s ,  whi ch may be as deep as 4572 m 
( 1 5 ,000 ft ) , and the Wi nd R i ver and B i g  Horn coal s ,  some of whi c h  are 6096 m ( 20 ,000 ft )  deep.  
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F i g .  E . 3 .  Coa l F ie lds  o f  the  Con term i nous Un i ted State s . From Averi tt ( 1 975a ) .  

Accord i n g  to the U . S .  Bureau o f  f'li nes  ( 1 975a ) defi n i ti ons , a coal depo s i t  can be con s i de red as 
part o f  the nati on ' s  resources i f  i ts extraction i s  currently  or poten ti a l ly  fea s i b l e .  Reserves 
a re that portion of the i de n ti fi ed resources ( resources of known l ocati on , qual i ty ,  and quanti ty )  
wh i ch can be l ega l l y  ( i . e .  the l and  i s  n o t  c l osed t o  mi n i n g )  and economi cal l y  extracted at  the 
t ime o f  detenn inat ion . Resources wh ich  are bel i eved to exi s t  i n  a m i n i ng d i s tri ct under known 
geol o g i c  cond i ti ons but  wh ich  a re unconfi rmed are cal l ed hypothe t i ca l  resources . 

Whether o r  not  a coal depos i t  can be economi cal ly  mi ned depends upon the coa l marke t ,  the qua l i ty 
and quan t i ty of the coal , and the m i n i ng method to be used . To faci l i tate adapt i ng to changes 
in coa l economics , the U . S .  Geo l o g i ca l  S urvey has suggested  that coal resources and reserves be 
ca l cu l a ted and reported in  three categories  of seam t h i c kness  and three of overburden thi ckness 
tenned major resource catego r i es , and shown in  F i gure E . 3 (Averi tt 1 97 5 b ) . Coal  quanti t ies  are 
spec i fied by wei gh t ,  u s ua l ly i n  s hort ton s .  Thus the coa l ' s  s pec i fi c  g ravi ty ,  wh i ch i s  a 
produc t of ran k  and compOS i t i on ,  must be determi ned for each seam i n  o rder to quanti fy a coal 
resource . As of January 1 ,  1 9 74 , the U n i ted S tates  con tai ned the fol l owing  i denti fied resou rces 
l ess  than 941 m ( 3000 ft) deep (Averi tt 1 975b ) : 

An thrac i te and semi anthraci te 1 9 , 66 2  m i l l i on short tons* 
Bi tumi nous coal  747 , 35 7  mi l l  i on short tons 
Subbi tumi nous  coal 485 , 766 m i l l  i on short tons 
L i gn i te 4 78 , 1 34 mi 1 1  i on short tons 

Both the reserves and the resources are quan t i f i ed for each demand reg i o n  in Vol ume I ,  Sect i o n  4 . 5 .  

Because not a l l coal can b e  recovered by curren t econom i ca l  methods , coa l  reserves a re depl e ted 
at  a ra te g reate r  than the actual tonnages m ined .  Recoverab i l i ty ranges between 40 and 90  percent , 
depend i ng upon the m i n ing method used , l ega l  constra i nts , and the characteri s ti c s  of the coal  
bed ( Weste rs trom 1 97 5 ) . More s tri p-mi ned coal  is  recovera b l e  than coal  mi ned by a ny other 
me thod , primari l y  because no  coal mus t  be l eft a s  a s upport fer ove rburden . 

*To convert short tons to metri c ton s ,  mu l t i p l y  by 0 . 907 1 8 .  
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E . l . 3 Uses o f  Coal 

As o f  1 9 76 , the two i ndustri es u s i ng the l argest amounts of coal were e l ectri c uti l i ti es and 
coke p l ants ( Tab l e  E . 2 ) . Most of the coal used for cok ing  wou l d  be s u i tab l e  for steam generation .  

Co k i ng coa l s  must  be l ow in  a s h  and su l fur contents , and  must  have good  cok i ng propert ies  ( Leonard 
1 977 ) . The ash  and su l fu r contents may be l owered by coal wa s h i ng or by m i x i n g  coa l s .  Standa rd 
oven coke fo r b l ast  fu rnace use i s  made from coal m i xes  conta i n i ng u p  to 25 percent l ow-vo l at i l e  
coa l s  b l ended wi th med i um and h i g h-vol ati l e  coal s ( Cooper 1 974 ) . Bl end i ng al so permi ts the use  
o f  sma l l quanti t ies  of h i gh-su l fur coa l for  cok i ng .  

Cok i ng coal s were produced i n  1 4  states i n  1 974 . Ten o f  those--Pennsyl van i a ,  West V i rg i n i a , 
Kentucky , I l l i no i s ,  Al a bama , Col orado , Utah , V i rg i n i a ,  New Mex i co , and O k l a homa--produced 98 
percent o f  the total ( Cooper 1 974 ) . Aver itt ( 1 975b ) pred i cts that the amounts of impuri t ies  
permi tted i n  cok i ng coa l s  w i ! l  i ncrea se and  co k i ng propert i es wi l l  decrease as the premi um
qual i ty reserves are depl eted . I f  so , the resources of cok i ng coal wi l l  be very l a rge . About 
35 percent of a l l i dent i fi ed reserves a s  of January 1 ,  1 974 , are s u i tabl e for use  in  coking -coal 
b l ends ( Ave ritt 1 9 75b ) . Most of the seams cu rrentl y be i n g  mi ned for co k i ng coal wi l l  probab ly  
conti nue to  supp ly  the  cok i ng i ndustry and  so  that coa l wi l l  not  be  avai l ab l e for  steam genera t i on . 

The use  o f  coa l as an i ndus tri a l  energy source i s  l i mi ted primari l y  to those i ndustries whi ch 
depend u pon a bo i l e r  to provide  therma l ene rgy . I ndustries  i n  wh i ch a man u factured  product must 
b e  d i rectl y exposed to gaseous and sol i d  combust ion effl uents often do not use coa l s  because o f  
the potent ia l  for con tami nation  from the su l fu r  a n d  ash i n  t h e  coal (R u b i n  a n d  Med i ne 1 977 ) . 
The 1 974 coal con s umptions o f  seve ra l o f  the more s i gn i fi can t  i ndu stri es  are g i ven i n  Tab l e  E . 3  
(Natural Gas Task  Force Su rvey , undated ) . 

E . l . 4  Production  

About  654 m i l l i on short tons  ( a s hort ton i s  2000 l b ) of coal  were m i ned from mi nes i n  26  sta tes 
duri ng 1 975 .*  Of  th i s ,  43 percent was m i ned from underground m i nes  and 57 percent from surface 
mi nes ( Mi n i ng I nformati onal Serv i ces 1 97 7 ) . Th i s  i s  a record tota l production  for the coa l 
i ndus try . I n fo rma t i on on the coal mi ned i n  1 974 i nd i cates tha t the tota l hea t va l ue of 
603 ,406 ,000 tons of  coal produced in  tha t  year total l ed 1 4 , 302 tri l l ion Btus--an average of 
1 1 ,865 Btu / l b  ( Wes terstrom and Harri s 1 974 ) . Produc t i on to ta l s  for 1 975 and average qua l i t i es 
are l i sted by federal demand reg i on i n  Tabl es E . 4  and- - 5 ,  and i n  Sec t i on 4 . 5 .  Produc tion  da ta 
for 1 975 were se l ec ted for use  i n  th i s  document because the data are compl ete and representa 
t i ve .  Prel imi nary data i nd i ca te that about 669 mi l l i o n  short tons of coal were mi ned i n  1 976 
( Mi n i ng I n forma t i onal Services  1 977 ) . 

E . 2 COAL FUEL CYCLE 

E . 2 . 1  Coa l Extract i on 

Two general types of m i n i ng--surface and underground--are used i n  the Un i ted States  to extract 
coal from the ground . Coal seams that a re no  deeper than 46-49 m ( 1 50- 1 60 ft ) from the surface 
are u s ua l l y mi ned by the stri p or auger methods of s urface m i n i n g  (M i n i n g  I n fo rma t i onal  Servi ces 
1 977 ) . Deeper coa l s  a re usual l y  mi ned by underground techni ques ( D vorak et a l . 1 9 7 7 ) . D i s 
crepanc i es from these general i zati ons may e x i s t  due to l ocal geol ogy , topography , or  other 
vari a b l e s . 

E . 2 . 1 . 1 S urface M i n i ng 

Su rface m i n i ng , descri bed i n  the s i mp lest  terms , i s  noth i ng more than the removal of topso i l , 
roc k , and  other strata to recover the unde r l y i ng mi nera l or fuel  depo s i ts (Doy l e  1 976 ) . Surface 
mi n i ng has several advantages over underground m i n i n g .  I t  provides safe r  work i n g  condi ti ons . 
I t  may make pos s i b l e  the recove ry of some depos i ts wh i ch for phys i ca l  reasons cou l d  not be mi ned 
underground . I t  usual l y  resu l ts in a h i gher percent recovery ( 80 to 90 percent recovery i s  
common i n  stri p mi nes whi l e  40 to 5 0  percent i s  more common i n  deep mi nes ) . A l s o , s u rface 
mi n i n g  o ften can be done for a l ower cost per un i t  of m i ned coal (Doy l e  1 976 ) . 

The surface mi n i ng tech n i que most frequent l y  used to recover coal  i s  str ip  mi n i ng (a rea , con tour ,  
and  mounta i nto� remova l ) . Auger mi n i ng ,  a seconda ry recovery method , may be  used  to  recover 
coal from a seam that becomes uneconomical  to stri p .  Open - p i t m i n i ng i s  used at a few scattered 

*Mi nes wi th a prod ucti on smal l e r  than 1 000 short ton s per yea r are not counted or l i s ted i n  
Mi n i ng I n formational  Servi ces ( 1 9 77 ) . 



Tab l e  E . 2 .  Coa l Cons umption by Use ( thousands o f  short tons ) 

El ectric Beehive  and I ndustry M i n i ng and Manufac turi ng Forei g n  Tota 1 
Power Oven Coke Steel and S i nteri ng  and Reta i l  Bunker Domesti c 

Year Rank Uti l i ti es P l  ants Rol l i ng Mi l l s  Pel l et i z i n g  Other Cons umption Trade Consumption  Reference 

1 950 B i tumi nous 88 , 262 ( 1 9% ) a 1 03 ,84 5 ( 23%)  1 0 ,877 ( 2% )  1 64 , 7 54 ( 36% ) 84 , 4 22 ( 1 8% )  2 , 042 « 1 % )  454 , 202 National  Coal 
Assoc i a tion ( 1 975 ) 

1 960 B i tumi nous 1 73 , 882 ( 46% ) 81 ,0 1 5 ( 2 1 % )  7 , 378 ( 2% )  86 , 804 ( 23% ) 30 , 405 ( 8% )  94 5 ( N ) b 380 , 429 National Coal 
Associ ation ( 1 97 5 ) 

1 970 B i tumi nous 31 8 , 9 2 1 ( 62% )  9 6 , 009 ( 1 9% )  5 , 41 0 ( 1 % ) 82 , 909 ( 1 6% )  1 2 , 072 ( 2% )  298 ( N )  51 5 , 61 9  Nati onal Coal 
Associati on ( 1 975 ) 

1 974 Bi tumi nous 390 , 068 ( 7 1 % )  89 , 747 ( 1 6% )  6 , 1 55 ( 1 % ) 57 , 81 9  ( 1 0% ) 8 , 840 ( 2% )  80 ( N )  552 , 709 National Coal 
Assoc i a ti on ( 1 97 5 ) 

1 97 5c Bi tumi nous 403 , 249 ( 73% ) 83 , 1 93 ( 1 5% )  2 , 7 1 5 « 1 % ) 59 , 759 ( 1 1 % ) 5 , 682 ( 1 % ) 24 ( N ) 5 5 4 , 622  National  Coal 
Asso c i ati o n ( 1 9 7 5 )  

1 976 Bi tumi nous 455 , 7 50 ( 75% ) 84 , 324 ( 1 4% )  2 , 74 3 « 1 % ) 57 , 750 ( 1 0% )  6 , 900 ( 1 % )  1 2 ( N )  597 ,479  M i n i ng I nforma-
ti onal Servi ces ", I 
( 1 97 7 )  ...... 

1 974 Anthraci te 444 ( ",7% ) 6 , 6 1 7 Na t i 0 na 1 Coa 1 
Assoc i a ti on ( 1 97 5 ) 
Cooper ( 1 974 ) 

1 974  Anthraci te 1 , 852 ( 28% )  529 ( 8% ) 463 ( 7% ) 662 ( 1 07: )  3 , 1 76 ( 48% ) 6 , 6 1 7 Federhoff ( 1 974 ) 
aNumbers i n  parentheses are percentages of tota l domestic  consumpti on . 
b ( N )  = negl i gi b l e percentage of tota l domestic  consumpti on . 
cPre1 i mi nary data . 
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Tab l e  E . 3 .  Coa l Consumption of Large I ndustrial Boi l ers in  1 974 

Coa l Consumed 
Industry ( 1 01 2  Btu ) 

Food and kindred - products 42 . 4  

Petrol eum ref in i ng 1 2 . 4  

Nonferrous metal s/misc .  0 . 9  

Paper and a l l i ed products 1 25 .0 

Stone , c l ay ,  g l as s ,  and concrete 1 . 3 

Chemica l s  and al l i ed products 2 1 5 . 0  

Primary ferrous meta l s  2 1 7 . 0  

Al l manufacturing 965 . 5  

Other 274 . 0  

Total Fuel 
Consumed 

( 1 0 1 2  Btu ) 

1 68 . 8  

554 . 6  

90 . 5  

601 . 4  

1 9 . 0  

896 . 7  

364 . 6  

3893 . 0  

848 . 5  

Adapted from Natural Gas Task  Force Survey (undated ) ,  App. 0 ,  Tab l e  28 ; p.  0-30 . 
' (As c i ted i n  Rub in  and Medine [1 977] . )  

Tab l e  E . 4 .  Coal Production by Demand Region , 
(mi l l ions of short tons ) 

1 975 

Demand Mi n ing Method 

Coal as % of 
Total Fuel 

25 . 1  

2 . 2  

1 . 0 

20 .8  

7 . 0  

24 . 0  

59 . 5  

24 . 8  

32 . 2  

Region Underground Stri p Auger Str ip  and Auger Culm Bank Total 

I 0 0 0 0 0 0 
I I  0 0 0 0 0 0 

I I I  1 56 . 2  67 . 9  0 . 7  6 . 7  0 231 . 5  
(b ituminous )  

I I I  0 . 6  2 . 5  0 0 2 . 5  5 . 6  
(anthracite )  

I V  7 7 . 1  71 . 0  1 . 9 24 .5  0 1 74 . 5  
V 47 . 5  7 7 . 5  0 . 5  5 . 9  0 1 31 . 4  

V I  0 . 5  22 . 6  0 0 0 23 . 1  
VI I 0 . 4  6 . 3  0 0 0 6 . 7  

V I  I I  1 0 .8 58. 7  0 0 0 69 . 5  
I X  0 6 . 9  0 0 0 6 . 9  
X _<_1_ 1 6. 0  L- 0 0 .Jhl 

293 . 3  329 . 6  3 . 2  37 . 2  2 . 5  665. 1 

Total Surface Min i ng = 372 . 450 

Tab l e  E . 5 .  Coal Qual ity by Demand Region , 1 975 
(mi l l ions of  short tons ) 

Avg % Sul fur Avg % Pyri tic Sul fur Avg % Ash i n  
Demand in Coal Used in Coal Used Coal Used Btu/ 1b ,  
Reg i on to Produce Steam to Produce Steam to Produce Steam Al l Coal 

I 
I I  

I I I  2 . 2  1 . 29 1 4 . 2  1 0 , 200- 1 5 ,800 
(bi tuminous) 

I I I  
(anthraci te l 

I V  1 .8 0 . 83 1 0 . 8  8 , 542- 1 5 , 1 40 
V 3 . 9  2 . 3  1 4 . 0  9 , 600- 1 ,500 

VI 2 . 3  1 . 5 1 0 . 9  ",1 0 ,445 
V I I  5 . 6  3 . 9  1 8 . 5  1 0 , 242-1 2 , 857 

V I I I  0 . 8  0 . 32 7 . 6  ",1 0 ,092 
IX 0 . 5  0 . 1 1  8 . 0  ",1 2 , 325 
X 
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l ocati ons . (The di fference between stri p  and open-pi t mining is that l arge quanti ties of over
burden mus t  be removed and d i scarded during strip mining  whi l e  most of the material  excavated i n  
a n  open-pi t mi ne i s  the des i red minera l , rock ,  or fuel . )  Anthraci te may al so be mined by dredgi ng 
or  by reworki ng cu lm  banks for coal d i scarded by earl ier operati ons . 

Water d i version i s  sometimes a major probl em w i th surface mini n g .  Di versi on d i tches for surface 
water and g roundwater which  mi ght fl ow to the pi t are necessary to prevent fl ood i ng of the 
work ing  area , to mi n i mi ze eros ion ,  and to mi n imi ze the potential  for water pol l ut i on .  Under
dra ins  may be essential for s l i de preventi on when spoi l s  are deposi ted on s teep terra i n .  

Area Mi n i ng 

Area mi n ing  i s  the name g i ven to s tri p min i ng done i n  areas wi th rel ati vely flat  topography and 
gently d i pping  stratigraphy ( Doyl e 1 976 ) .  A trench o r  box cut i s  excavated wi th a power shovel 
( Fi g .  E . 4 ) , a dragl i ne ( Fi g .  E . 5 ) , a wheel excavator , or a bu l l dozer to the surface of the coal . 
The topsoi l and o verburden are s tockpi l ed and the coal i s  removed.  Another box cut i s  then made 
adjacent to the fi rst . Spoi l s  ( the excavated overburden ) are heaped i n  the cut previously mi ned 
and are covered wi th topso i l . Recl amation proceeds s i mu l taneous l y  wi th mi ning  ( Fi g .  E . 6 ) .  

S.rl." 

" •• WI .. 

r 11'1...- 121' ----tit' 
S.ctlt. 'I .. 

Fi g .  E . 4 .  

Stri pping wi th a Power Shovel . 
From Doyl e ( 1 976 ) ,  wi th per
mi s s i on ( see cred i ts ) .  
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F i g .  E . 5 .  

Stri ppi ng  with  a Dragl i ne .  From 
Doy l e  ( 1 976 ) , w ith  perm i s s ion  
( see credi ts ) . 

......=...:..- �- ------- -

F i g .  E . 6 .  Area Stri p M i n i n g  wi th Concurrent Rec lama t i on .  From Doy l e  
( 1 976 ) ,  wi th permi s s i on ( see credi ts ) . 
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Contour Strip Mi n i ng--Bl ock-cut Method 

In h i l l y  or mounta i nous terra i n ,  s tr i p  mi nes fol l ow the contour of the eoal seam- -hence the name 
contou r m i n i ng . The f i rst  cut i s  made where the coal outcrops . Success i ve cuts and coa l removal 
proceed deeper i n to the h i l l  unti l the depth of overburden becomes so great as to economi cal l y  
proh i b i t  add i t i onal  m i n i ng . 

M i ne spo i l s  are not to be dumped down s l ope of the cut .  I nstead they may be  hau l ed back  to  a 
prev i ou s l y  m i ned port i on of the p i t .  Thi s vari ation of stri p mi n i ng i s  cal l ed the bl ock-cut 
method ( Fi g s .  E . 7  and E-8 ) .  The spoi l s  are compacted , graded , and revegetated ( US EPA 1 973 ) .  , 

CUT  7 CUT 5 CUT 3 

TOP OF R IDGE 
H I G H W A l l  

C U T  1 

O U T C R OP B A R R I E R  
HOllOW 

CUT 2 CUT 4 CUT 6 
-

P I O C E D U I E  

I s e A L '  F I O M  T O '  O f  HIONWAll T O  OUTCRO, I A I I  •• , 
I I MOVl AND SlOII IOPSO� 

l IiMOV! AND DII,on Of OVUIUIDIN flOM CUT 1 
].'1(1( UP COAl. UAVING AT LEAST A IS fOOT UNDISTU •• ED 

OU"IOP "U'II 

41 M A K E  SUCCHIVI CUTS AS H U M I U E D  

S O V U I U ' D E N  IS M O V E D  IN T H E  D I i E C T l O N ,  A S  SHOWN B'f 
A l l O W S  A N D  P L A C E D  IN T H E  ADJACENT , , ,  

6 COM'UT( , .. C!(fILL A N D  G I A D I N G  T O  nil ."IO.'MAn 

OllGlNAl CONTOUI 

Fi g .  E .  7 .  Cut Sequence i n  Bl ock-cut Method .  From Doyl e ( 1 976 ) , 
wi th permi s s i on ( see credi ts ) .  

HOllOW 

b. 
F i g .  E . 8 .  B l ock-cut Method o f  Contour Str i p  M i n i ng : ( a )  Excavat\pn 

and ( b )  Recl amat ion . From Doyl e ( 1 976 ) , with permi s s i o n  
( see credi ts ) .  

• 
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Mounta i n top Removal  

Moun ta i ntop remova l is  a combi nati on of con tou r  and area mi n i n g .  I t  i s  used where coal seams 
l i e near the tops of mounta i ns , ri dges , and h i l l s .  Th i s  method i s  i n i t i ated wi th cuts made as 
for a contour m i ne , b u t  the m i n i ng proaresses through the ent ire mounta i n top , u l t i ma te ly  l eav i ng 
a s urface of s po i l  ( Fi g .  E . 9 ) .  Moun .;a i ntop removal mi n i ng may l evel some formerly s teep terra i n  
a n d  i ncrease i ts agr i c u l tural val ue . 

FI RST C U T  SECO N D  C U T  

OIiOINAL 

IlOSSOM 

FO U R T H  C U T  A F T E R  F I N A L  GRA D I N G AND TO P S O I L I N G  

"USH D''''_� 
BAIIiEl 

Fi g .  E . 9 .  Mountai n- top Removal Method .  From Doyl e ( 1 976 ) , wi th pe rmi s s i on 
( see credi ts ) .  

Auge r Mi n i ng 

When the overburden i s  too t h i c k  for economi c removal ,  the l i fe of a s urface mi ne may be extended 
by reami ng add i t i ona l c oa l  from the seam wi th augers . Cutting  heads on some augers are as l arge 
as 2 m ( 7  ft) i n  d i ameter and the i r  s ha fts may be 61 m ( 200 ft) l ong  ( Doyl e  1 976 ) .  Coal i s  
removed from the auger l i ke s hav i ngs from a dri l l  b i t .  Spaces between auger hol es vary from a 
few i nches to a foot or more and ave rage recovery i s  about 50 percent (Averi tt 1 975b ) .  

E . 2 . 1 . 2 Underground Mi n i n g  

Room a n d  P i l l ar 

Coa l i s  mined  by underground methods when the overburden i s  so thi c k  that coa l cannot be prof
i tab ly  mi ned by s u rface tech n i ques . Support or control l ed col l apse of the m ine roof is of 
primary concern and d i st i ng u i s hes the d i fferent ki nds of underground mi nes . N i n e ty-fi ve percen t  
of the underground c o a l  mi nes  are room a n d  pi l l a r  ( M i n i n g  I n formati onal  Servi ces 1 97 7 ) . The 
roofs of these m ines  are supported by reg u l ar patterns of coal pi l l ars that are not mi ned . 
Often as much as 5 0  pe rcent of the o ri g i na l  coal  resources remai n  i n  the p i l l a rs (Averi tt 1 9 75b ) .  
When subs i dence i s  permi s s i b l e ,  the pi l l ars may be removed by retreat mi n i ng , wh i ch a l l ows the 
mi ne roof to col l apse . 

Some coal  i s  st i l l  extracted from room and p i l l ar mines by conventi onal ml n l ng methods (dri l l , 
b l a s t ,  and muck opera ti ons ) ,  b u t  recen t trends have been towa rd mechani zat i on (Mi n i ng I n forma
ti onal Serv i ce 1 9 7 7 ;  We s ters trom 1 975 ) .  Nearly two-th i rds of underground coa l is now extracted 
by conti nuous mi n i ng machi nes , w h i ch cut cQal from the seam and drop it onto conveyor be l ts 
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(Wes te rs trom 1 975 ) . Underground transporta t i on st i l l  needs to be i mproved to keep pace wi th the 
h i g h  p roducti v i ty of the con ti nuous  mi n i ng mac h i ne s .  Attempts are be i ng made t o  comb i ne a rock 
bol te r to the mi n i ng mac h i ne so  that the m i n i ng wi l l  not have to hal t for the i n s ta l l at i on of 
roof supports . 

Longwa l l  and Shortwal l 

�ongwal l and s hortwal l ml n l ng d i ffe r from the room and p i l l a r method i n  that the mi ne roof i s  
s upported hydraul i ca l l y  and i s  a l l owed to col l apse progres s i ve l y  behi nd the m i n i ng .  Longwal l 
and  s hortwa l l m i n i ng are both done wi th conti nuous mi n i ng mac h i nes and conveyo r sys tems . A 
typ i ca l  l ongwa l l panel face ( the surface of the coal  to be mi ned ) may be 85- 1 00 M ( 260 to 305 ft ) 
l ong , and  a shortwa l l panel about 6 1  m ( 200 ft ) ( H i ttman Asso c i ates 1 976 ) . The hydrau l i c roof 
supports are adva nced w i th the m i n i ng mac h i n e .  Expl o s i ves may b e  used to control  roof col l apse . 
Longwal l mi n i ng can produce about  1 0  percent more coal per mi ner than can conventi onal  exca va
t i o n  ( Wi secarver 1 978 ) .  Th i s  method i s  presently used to m i ne about 5 percent of the coal  from 
underground m i nes i n  the U . S .  I t  i s  espec i a l l y  us eful where room and p i l l a r mi n i ng i s  ru l ed out 
because of roof probl ems and poor recovery ( W i secarver 1 978 ) .  

E . 2 . 2 Rec l amat ion  

Coal m i n i ng opera t i o n s  often d i sturb surface areas and  may adve rse l y  a ffect the  ut i l i ty of the 
l and  for commerc i a l , i ndustri a l , res i den t i a l , recreati ona l , agri cu l tural , and fo restry purposes 
by con tri buting  to e ros i on ,  l andsl i des , fl ood i n g ,  water pol l ut ion , the destructi on of fi s h  and 
wi l d l i fe habi tats , the damage of property, and the degradat i on or l oss  of natural  resources 
( Surface M i n i n g  Contro l  and Rec l amat ion Act of 1 97 7 ,  Publ i c  Law 95-87 ) .  Technol ogy has advanced 
to the poi n t  where m i n i n g  and recl amat i on techni ques can mi t i gate a l a rge proport i on of these 
adve rse  effects . Much of recent rec l amati on l eg i s l at i on i s  de s i gned to encourage prompt , 
effecti ve recl amation  of mi nes and to regu l ate m i n i n g  i n  areas where recl ama t i on wou l d  be d i fficul t .  

E . 2 . 2 . 1  Rec l amation Legi s l ati on 

I n  t he fo refront of fede ra l surface m l n l ng recl amati on l eg i s l a t i on i s  the Surface M i n i ng Control 
and Recl amat ion Act of 1 9 77 ( Pub l i c  Law 95-87 ) .  As i de from crea t i n g  a rec l ama t i on and enforce
ment off i ce ,  prov i d i ng for the fundi ng of research , and establ i s hi ng  procedures  for recl a i mi ng  
abandoned mi nes , the purpose of th i s  act i s  to  control the  env i ronment by  setti ng  g u i del i ne s  for 
recl amat ion . 

The Surface Mi n i ng Control and Rec l ama t i on Act establ i shes a set of mi n i mum recl amat ion standards 
wh i ch are to be me t by each m i ne and enforced by an accredi ted state agency or, by defaul t ,  the 
Offi ce of Surface Mi n i ng Rec l amation  and  En forcernent ( OSMRE ) ( 30 USC 1 202 } . These s tandards 
i n c l ude the establ i s hmen t  of p l ans by m � ne operators to re store the l and  of surface mi nes  to 
thei r pri o r  (o r  to h i gher ) u ses , resto re the ori g i na l  contou r (where pos s i b l e ) , segregate and 
s tockpi l e  the topsoi l ,  m i n i mi ze hydrol og i ca l  di sturbance s ,  stabi l i ze a l l waste p i l es ,  bury a l l 
ac id-form i n g  tox i c  o r  fi re -prone materi a l s ,  assure proper use of exp l os i ve s ,  and accept the 
re spon s i b i l i ty for revegetati on ( 30 USC 1 2 1 5 ) . 

Th i s  s ame act  a l so sets standards fo r regu l ati ng the surface effects of unde rground m i n i n g  
( 30 U S C  1 2 1 6 ) . I t  requ i res  mi ne operators to u se ava i l ab l e  techno l o gy to control  subs idence , 
seal  hol es and o pen i ng s ,  s tab i l i ze o r  d i spose of was te p i l e s ,  mi n i m i ze hyd rol ogi cal d i s turbances , 
mi n i mi ze fi re hazards , and  revegetate any d i s turbed surface area . 

Mi n i ng operations  may be su spended by the regu l atory agency ,  i f  necessary ,  to protect the stab i l i ty 
o r  envi ronrrent 2 1 qual i ty of an urban i zed a rea , a pri nc i pa l  water sou rce , or otherw i se frag i l e  
l and  ( 30 USC 1 : 1 5 ;  30 USC 1 2 1 6 ) . Areas  may be desi gnated  a s  unsu i tabl e for s u rface coal m i n i ng 
i f  m i n i ng ( 1 ) i s  i ncompati bl e wi th establ i shed l and use pl ans , ( 2 ) wou l d  damage i mportant  
h i stori cal , cu l tura l , iles '.heti c ,  sci ent i f i c ,  or  natura l  system s ,  ( 3 )  wou l d  cause  a s ubstan t i a l  
l oss  o r  reducti on of l ong -runge producti v i ty of a renewabl e na tural resource , or ( 4 )  cou l d  
i ncrec.se t he poten ti a l  for l oss  o f  1 i fe o r  property damage due t o  a natural  hazard ( e . g .  fl ood 
or ea rthquake ) w h i c h  i s  a l ready common to the a rea . 

The fi rs t  s tri p m i ne l eg i s l at ion  was enacted i n  Wes t  V i rg i n i a  i n  1 939 ( Doy l e  1 976 ) . Othe r 
s ta tes  subsequen tl y enacting  l eg i s l at ion  i nc l uded Ind i ana ( 1 94 1 ) ,  I l l i n o i s  ( 1 943 ) ,  Pennsyl van i a  
( 1 945 ) , Oh i o  ( 1 947 ) , Ken tucky ( 1 954 ) , Vi rg i n i a ( 1 966 ) ,  and Tenne ssee ( 1 967 ) .  Currentl y 33 
s tates p l us seve ra l  count ies  and mun i c i pa l i t ies  have surface m i n i ng and m i ned-l and recl amation 
l aws ( Doyl e 1 976 ) .  Fede ral  l aw takes precedence over the l egi sl at i on i n  any s ta te where the 
s tate l aw does not at l east  equal federal standards ( 30 USC 1 20 1 ) . 
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E . 2 . 2 . 2  Recl amati on Practi ces 

Coal m i n i n g  rec l amation that i s  p l anned in advance of  m i n i ng appears to be more effecti ve and 
l e s s  costly than rec l amati on i mp l emented after mining  i s  terminated ( Doyl e  1 976 ) .  The Surface 
Mi n i ng Control and Rec l ama ti on Act encourages prep lan n i ng by requi ring  the appl i cant to descri be 
recl amation p lans  i n  the appl i cation for an operati ng perm i t  ( 30 USC 1 208) . The u l timate goal 
i s  that the l and  be reclaimed to a condi t ion that i s  at l east as useful as i t  had been before 
the m in ing began . Steps that must be i ncorporated i nto the recl amation pl an for a surface coal 
mi ne i ncl ude s tockpi l i n g  of topsoi l .  reg radi ng . i so l ation of toxi c  spoi l s  or hori zon s .  water 
management .  spoi l and di sturbed l and s tabi l i zation . and revegetation . I n  mi nes where some of 
the mi n i ng prac t i ces  descri bed i n  Section E . 2 . 1  are used  ( i . e  . •  the  hau l back . mounta i n top  removal . 
and common area mi n i ng techni ques ) .  recl amation may be parti cul a rl y  easy because s po i l  and 
topsoi l i sol ation . d i version di tch trench i ng . and reg rading  proceed wi th the mini n g .  The Surface 
Mi n i ng Control and Recl amati on Act doe s  not al l ow spo i l s  from contour mi nes to be di sposed of on 
the downhi l l  s l ope .  and requi re s  that backfi l l i n g  be done to el imi nate h i g hwal l s  and spoi l 
p i l es . Thu s .  conventional contour mi n i ng has become obsol ete . However .  rec l amati on of many o f  
the mi nes conventional ly  mi ned rema ins  t o  b e  done . V i abl e backfi l l i ng and g rading  al ternati ves  
for  new m i nes  incl ude the  ones  men ti oned above and  the  typi cal  contour backfi l l  ( F i g . E . 1 0 ) .  
Backfi l l i n g  to contour i s  preferred because i t  provi des the best water pol l ution control and i s  
the most aestheti cal ly pl eas ing  ( L1SE PA 1 973 ) . However .  i t  may a l so be tAe mos t  expen s i ve 
method because o f  the l arge vol umes of s poi l s  to be moved .  A terraced backfi l l  ( F i g .  E . l ,l )  
which  cove rs the h i ghwa l l  may be u sed i f  the vo l umes o f  spoi l s  needed to return the l and  to i ts 
ori g i nal  contour  do not  exi st .  Thi s  technique creates some flat  l and  s urfaces which  may g i ve 

I---------,SCA,L'EO .. n .. -----j .. � 
DIVEISION 

DneM 

Fig . E . l l .  

Typ i cal  Terrace Backfi l l . From 
Doyl e ( 1 976 ) . with  permi s s i on 
( see cred i ts ) .  

Qluer LONG SLOI'lS 

DI'III'ION 

F i g . E . 1 0 .  

Regraded Contour Mi ne s .  From 
Doyl e ( 1 976 ) .  with  permi s s i on 
( see cred i ts )  . 
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the l and a h i g he r  potenti a l  u s e  than i t  had pr ior to m i n i n g .  A more common s i tuation  i s  that a 
l arge r  vol ume of s poi l s  may e x i s t  due to bu l k i ng than can be used to recreate the ori g i nal  
contour .  I n  th i s  case , the  excess  s po i l s  s hou l d  a l so be backfi l l ed and  compac te d  to  a g rade not 
exceed i n g  the ang l e  of repose or  the g eotechn i ca l  competency ( 30 USC 1 2 1 5 ) .  

Reg rad i n g  practi ces can affect the s uccess  of revegetati on . Bur i a l  of toxi c  spo i l s  and recover
i ng of the surface w i th topsoi l  is cr i t i ca l  to provi s i on of the necessary s upply of organ i c  
ma te r i al for p l an t  g rowth ( Doyl e  1 976 ) . Sma l l  terraces and s l i g ht depress i ons  reduce e ros ion  
and i ncrease i nf i l trat ion , whi ch faci l i tates p l ant g rowth (Doy l e  1 976 ) . Mu l ches s uch  a s  straw 
and wood c h i ps or chem i ca l  b inders may a l so be u sed to control e ros i on unti l the vegetat ion i s  
establ i shed. Addi ti ve s  l i ke l ime , ferti l i ze r ,  treated f ly  ash , sewage s l udge , o r  compost may be 
u sed to condi t ion a c i d i c  or  nutri ent-poor soi l s  ( Doyl e 1 97 6 )  A vegetative cover shou l d  be 
es tabl i s hed as soon as pos s i bl e  afte r  g radi ng  to m i n i m i ze eros i ona l l osses . Fast-growing  mi x
tures of  l egumes ( to fi x n i trogen in the soi l )  and g rasses ( to b i nd the so i l  s urface ) are pre
ferred in the east  ( Doyl e  1 976 ) .  I n  I l l i noi s ,  grad i ng and revegetation must  be compl eted wi t h i n  
three years after J une 30th o f  t h e  f i scal  year i n  w h i c h  t h e  mi n i ng took p l ace ( State of I l l i no i s  
1 97 5 ) .  E s t i mates o f  the ti�e req u i red to rec l a i m  I l l i no i s  row-crop farml and are a s  h i gh a s  1 0  
to 30 years ( Anonymous 1 97 6 ) . Low producti v i ty from the l and cou l d  be atta i ned i n  much l es s  
t i me  . 

Revege tat ion i s  more d i ffi cu l t  i n  the arid  west where on l y  about ha l f  of a 9 - or 1 0- i nch ra i n
fa l l  i s  avai l abl e for pl ant u ti l i zation  ( Lang 1 9 7 1 ) .  The p l an ti ng of seedl i ng s ,  sod , and 
transp l ants has been much more s uccessful than has seed i ng i n  these areas ( Doyl e 1 9 76 ) . An 
est ima ted f ive years are requ i red to return a Wyom i ng stri p mi ne to producti ve cropl and and ten 
years are requ i red to return i t  to product ive range l and ( Northern Great P l a i n s  Resource P rogram 
1 975 ) . 

E . 2 . 3  Coal C l eani ng 

Coal c l ea n i n g  i s  the removal of unwanted s u l fur and other noncombu s t i b l e  materi a l s  ( a s h )  from a 
coal . Coal i s  c l eaned for a variety of reasons .  For examp l e ,  m i n i ng mach i nes--parti cu l arly 
l ongwa l l mi ners used underground--are not sel ect ive  in  what is  excavated , and s i gn i f i cant amounts 
of s ha l e  may be removed w i th the coa l ( Schmi dt 1 975 ) .  C l e an i ng these coal s reduces the i r  bu l k  
and s h i pp i ng costs and i ncreases heat content  by remov i n g  noncombust i bl e mate ri a l s  . .  Cl ean i ng 
reduces the l i ke l i hood that s uffi c i ent s l ag wi l l  be produced to h i nder the operat i on of the 
bo i l ers ( Pa pamarcos et  a l . 1 9 77 ) , and reduces the part i c u l ate and s u l fur d i ox ide l evel s i n  f l u e  
gases emi tted when t h e  coal i s  burned.  T h i s  i s  espec i a l l y  i mportant because t h e  emi ss i ons  from 
n ew ( s i nce Aug . 1 7 , 1 97 1 ) s team g enerating  p l an ts are not a l l owed to exceed 1 . 20 l b  S02/MM Btu 
(40 CFR 60 . 43 ) . The C l e an Ai r Act Amendments of 1 97 7  ( P ub l i c  Law 95-95 , Sec . I I I ) ,  when i mp l e
mented , wi l l  a l so req u i re a percentage reduction i n  emi s s i ons  over those that woul d resu l t from 
combu s ti on of an untreated coa l . Coal was h i ng may be used to achi eve part or a l l of the neces sary 
s u l fur reducti on . The pounds of S02 per mi l l ion  Btus i n  fl ue  gas from combusti on of a s peci fi c 
coal  can be e s t i mated from F i g ure E . 1 2 . I f  the coal  i s  not c l eane d ,  or c l ea n i ng does not 
adequate ly reduce s u l fur content,  a h i gher percentage of removal wi l l  be requ i red from fl ue  gas 
des u l furi za t i o n .  

T h e  s u l fur i n  c o a l  occurs as organ i c  s u l fu r ,  s u l fa te ,  a n d  pyri ti c su l fur ( Se c .  E . l . l ) .  Most o f  
t h e  s u l fur removed from c o a l  b y  c l ea n i ng i s  pyri ti c s u l fur . Pyri t i c  su l fur occurs as the 
mi nera l s  pyri te and marcas i te .  These  are heavy , w i th spec i fi c  g ravi t ies  of  about 5 ,  and can 
e as i ly be removed by c ru s h i ng and grav i tationa l l y  separati ng the coa l . Organi c  s u l fur ranges 
from 30 to 70 percent and cannot be removed by di rect phys i cal s eparati on (Caval l aro et  a l . 
1 976 ) .  The s u l fate usua l l y  compri ses l ess than 0 . 05 percent of the tota l coal  ma teria l .  Often 
i t  i s  wate r-so l ub l e  and thus  e as i ly removed i n  c l ean i ng (Caval l aro et  a l . 1 9 76 ) .  

On ly  mechan ica l  c l ean i ng methods have so far been termed practi ca l  and accepted by tha i ndus try .  
Chemi cal des u l furi zation i s  s t i l l  i n  e xperi mental s tage s .  Gravimetri c s eparat ion removes both 
pyri ti c su l fur and ash e ff i c i entl y .  Some of the heating  capac i ty o f  t h e  coal i s  a l so l ost  i n  
t h e  proces s ,  but  t h e  n e t  res u l t i s  an i ncrease i n  t h e  Btu/ l b  over that o f  the raw coal ( Cava l l aro 
et a l . 1 976 ) . I n  1 974 , 363 . 334 m i l l ion  short tons of raw coal were washed to produce 265 . 1 50 
mi l l ion  short tons of c l eaned coal  ( Tabl es E . 6  and E . 7 )  (Westerstrom and Harri s 1 974 ) .  Th i s  i s  
abou t 44 percent o f  the tota l coal  produced and made ava i l ab l e  for con s umption i n  1 974 . The 
amounts of coa l c l eaned in 1 97 3  and 1 974 by mec han i ca l  c l ean i ng  are g i ven by method in Tabl e E . 8 . 

The effi ci ency of mechan i ca l  coal c l ean i ng ( coal washab i l i ty )  as i t  i s  practiced today varies 
reg i onal l y w i th differences in  coal  qua l i ty .  The U . S . Bureau  of  M ines  has conducted an exten
s i ve s tudy to determine  coal was habi l i t i es ( Cava l l aro et  a l . 1 976 ) . In summary , coa l s  of the 
Northern Appal achi an Reg i on ( Maryl and ,  Ohi o ,  Pennsyl van i a ,  and northern West V1 rgi n i a ) were 
especi a l ly ame nabl e to pyri t i c  s u l fur reduction . The raw coa l s averaged 2 . 01 ;:;efcent pyri t i c  
s u l fur a n d  3 . 0 1 percent tota l su l fur .  C l ean i ng produced an 8 0  percent reducti an from the i n i t i a l  
tota l s u l fu r  concentrat ion a t  7 0  percent B tu recovery for coal crushed t o  t hE: "10 .  1 4  mesh s i ze 
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Oh i o  

Pennsyl van i a  
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V i rg in ia  

West  V i rg in ia  
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1 4 . 0  

1 4 . 5  
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1 5 . 5  
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Tab l e  E . 6 .  Mechan ica l  C l ean ing  a t  B i tumi nous Coa l and 
L i g n i te Mi nes in 1 974 by State 

( thousands of  short tons ) 

Tota l 
Production  

1 9 ,824 

6 ,896 

58 ,21 5 

23 , 726 

85 ,356 

5 1 ,841 

45 ,409 

80 ,462 

5 ,858 

34 , 362 

1 02 ,462 

89 ,030 

603 ,406 

Number of 
C l eaning  

P l ants 

22 

3 

36 

1 1  

43 

1 9  

1 7  

68 

6 

1 9  

1 26 

1 7  

387 

Raw Coa l 

1 8 , 099 

2 , 043 

58 , 520 

23 , 874 

33 , 503 

25 , 033 

1 9 , 1 42 

5 7 , 676 

3 , 890 

21 , 1 5 1 

88 , 31 0  

1 2 , 093 

363 , 334 

Cl eaned Coa l 

1 1  , 726 

1 , 775 

45 , 31 3 

1 9 ,097 

24 ,304 

1 9 , 324 

1 3 ,61 7 

41 ,302 

3 ,401 

1 3 ,872 

62 ,833 

8 ,584 

265 , 1 50 

Refuse 

6 ,372 

268 

1 3 ,207 

4 , 777 

9 , 1 99 

5 , 709 

5 , 525 

1 6 ,374 

488 

7 ,279 

25 ,477 

3 , 509 

98 , 1 84 
aInc1 udes Al aska , Arkansas ,  I owa , Kansas ,  Maryl and , Mi ssour i , New Mexi co , Okl ahoma , Tennessee , Washi ngton , and Wyomi ng . 
bOata may not add to tota l s  Shown because o f  independent rounding . 



Tab le  E . 7 . Mechan ical Cl eani ng at B i tumi nous Coal and L ign i te Mi nes i n  1 974 by State and Type of Mi ni ng 
( thousands of short tons ) 

Underground Mi nes StriE Mi nes Auger Mi nes StriE-auger Mi nes Total Al l Mi nesa 

Total Total Total Total Total 
State Production Cl eaned Production Cl eaned Production Cl eaned Production Cl eaned Production Cl eaned 

Al abama 7 ,053 7 , 037  1 1 , 656 3 , 745 1 , 1 1 5  945 1 9 ,824 1 1 ,726 
Col orado 3 , 260 1 , 752 3 , 636 23 6 , 896 1 , 775 
I l l i no i s  31 , 256 21 , 589 26 , 960 23 , 724 58 ,21 5 45 ,31 3 

Indiana 1 39 64 23 , 587 1 9 , 033 23 ,726 1 9 ,097 

Eastern Kentucky 40, 509 22, 1 26 1 6 , 503 427 1 , 546 51 7 26 ,798 1 , 234 85 ,356 24 ,304 

Wes tern Kentucky 2 2 , 988 7 , 1 62 28, 853 1 2 , 1 62 51 ,841 1 9 , 324 

Ohio  1 4 , 365 8 , 826 20,852 4 , 792 265 9 ,928 45 ,409 1 3 ,61 7 

Pennsyl vania  42 ,249 34 , 1 1 8  36, 332 7 , 1 61 281 23  1 ,600 80 ,462 41 ,302 

Utah  5, 858 3, 401 5 ,858 3 ,401 

V i rg in ia  22, 767 1 3 , 285 7 , 874 1 41 767 2 ,9 1 8  446 34 , 326 1 3 ,872 I'T1 
1 02 ,462 

I 
Wes t  V i rg i nia  82, 220 58, 807 1 5 , 758 3 , 1 66 41 5 22  4 ,070 839 62 ,833 � 

..... 
, Other Statesb 42645 1 2858 832030 62726 29 ...ld?§. 89 ,030 8 , 584 

Total a 
277 , 309 1 80 , 024 275,041 81 , 1 00 3 , 302 562 47 ,755 3 ,463 603 ,406 265 , 1 50 

From Westers trom and Harri s ( 1 974 ) .  
aOata may not add to total s shown because of i ndependent round ing .  
b Incl udes Al aska ,  Arkansa s ,  Kansa s ,  Maryl and ,  Mi s souri , New Mexico ,  Okl ahoma , Tennessee ,  Wash i ngton and Wyomi ng . 
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Tab l e  E . 8 .  Mechan i ca l  Cl eani ng of  Bi tumi nous 
Coal and L i gn ite by Type of Equi pment 

( thousands of short tons ) 

Type of Equ i pment 1 973  1 974 

Wet methods  

J i gs 1 32 , 655  1 29 , 302 
Concentrating  tab l es 34 , 935 28 ,869 
Cl a s s i fi ers 3 , 297 2 , 698 
La unders 5 , 1 21 3 , 577 

Dense-medi um processes 

Ma gneti te 74 , 605 68 , 749 
Sand 1 2 , 61 7  1 2 , 427 
Ca l c i um chl oride 981 1 , 1 07 

Fl otation  1 4 , 201 1 0 ,863 

Total wet methodsa 278 , 41 3  257 , 592 

Pneumatic methods 1 0 , 505 7 . 557 

Grand total a 288 , 9 1 8  265 . 1 50 

aDa ta may not add to total s shown because of 
i ndependent round i n g .  

T h e  35 Southern Appal ach i an coa l s ( east Kentucky , Tennes see , southern Wes t  Vi rgi n i a .  and 
V i rg i n i a )  averaged 0 . 37 percent pyr i ti c  su l fur and 1 . 04 percent total s u l fu r .  When crushed to 
the No . 1 4  mesh s i ze ,  63 percent of the coal samp l es wou l d meet the present EPA standards . The 
accompany i ng Btu recovery rate i s  50 percent .  Al abama coa l s had 0 . 69 percent pyri ti c su l fur and 
1 . 33 percent total s u l fur . These coa l s do not wash  read i l y .  The Eastern I nterior  Reg i on coa l s 
( I l l i no i s ,  I nd i ana , western Kentucky ) averaged 2 . 29 percent pyr i t i c  su l fur and 3 . 92 percent 
total s u l fu r .  About 45 percent of  the ash and 57 percent of  the su l fur can be wa shed from these 
coal s ,  but the comb us ti on emi s s i ons  from most of the coa l s  from the maj or  seams in th i s  reg i on 
need to be scrubbed to meet the EPA S02 a l l owabl e  S02 s tandards . Wes tern I nter i or coal s 
(Arkansas ,  Ka nsas . M i s souri , Okl ahoma , and I owa ) conta i n  an average of 3 . 58 percent pyri tic  
s u l fur and 5 . 25 percent total su l fur . The  western coa l s (Ari zona , Col orado , Montana . New Mex i co ,  
North Da kota , Utah , and Wyoming ) conta ined an average of on l y  0 . 68 percent total su l fur . W i th 
the i mpl ementation  of the C l ean Ai r Act Amendments of 1 97 7 ,  wes tern coa l wi l l  have to be cl eaned 
and/or i ts combust ion emi ss i ons scrubbed desp i te i ts very l ow su l fur content .  The S02 emi s s i on 
standa rds for burn i ng coal may be met by fl ue gas desu l furization  techni ques when was h i ng i s  
i mpracti cal  o r  i nsuffi c i en t .  

Coal cl ean i ng wastes con s i s t  of pyr i t i c  mi neral s ,  shal e s ,  cl ays , and vari ous other s i l i cate s .  
Gob ( the boul de r ,  g ravel , and coarse sand waste parti c l e s )  i s  usual l y  heaped i nto a pi l e .  The 
Surface M i n i ng  Control and Recl amation Act ( 30 USC 1 2 1 6 )  requ i res  that al l waste p i l es be com
pacted , contoured , and stab i l i zed .  I ncombust i bl e  material s are to  be i ncl uded i n  t he  stab i l i za
t i on i f  necessary to prevent the gob p i l e  from burn i ng . A burn i ng gob p i l e  is  a source of 
sul fur d ioxide ,  hydrogen su l fide , carbon monoxi de ,  carbon d i ox i de , n i trogen oxides , ammonia , 
hydrocarbons , and part i cu l ates to the atmosphere ( Dvora k et a l . 1 977 ) . Water percolating  
through gob p i l es tends to  p i c k  up i ron ( typ i ca l ly at a rate of 0 . 5-0 . 7  l b/acre/day ) ( USEPA 
1 971 a ) , su l fate , and other d i ssol ved and suspended sol i d s .  A typ i cal gob p i l e  may produce acid  
at an average rate of 1 . 5-2 . 0  l b/acre/day ( USEPA 1 97 1 a ) , and  rates a s  h i gh as  305 l b/acre/day 
have been reported in I l l i no i s  ( USEPA 1 97 1a ) . Impermeab le  materi al s a re to be i ncorporated i nto 
the gob p i l e  when contaminat i on from l eachate is a probl em ( 30 USC 1 2 1 6 ) . The pH  of a gob p i l e  
i s  often l es s  than 3 . 0 ,  and sometimes l es s  than 2 . 0  (Thompson and Hutn ick  1 971 ) .  Gob p i l es l ack 
necessary pl ant nutri ents and conta in  tox ic  l evel s of trace el ements (Thompson and Hutn i ck 
1 971 ) .  Sta bi l i za t i on wi l l  usual l y  req u i re that the surface be covered w ith topso i l  prior  to 
revegetation . 

The fine  sand , s i l t ,  and c l ay-s i zed coal wash ing  wastes are usual l y  di spo sed of i n  s l urry form .  
These are usua l l y  pumped t o  a natural depres s i on . tai l ings  pond , or  a n  o l d  m ine i f  one i s  avai l 
abl e .  Ac id  drainage i s  a probl em with  s l urried waste s .  A l i ner may be necessary to prevent 
contaminat i on of the s ub so i l  and groundwater from seepag e .  Bl owi ng o f  coal fines from unvege
tated s l urry l agoons can be m in imized i f  the coal fi nes are kept wet .  Abandoned s l urry ponds 
shou l d  be compacted , contoured , and stab i l i zed . 
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E . 2 . 4  Transportation 

The transportation i ndustry currentl y moves 600-700 mi l l i on tons of coal  annua l l y  ( U . S .  Bureau 
of M i nes  1 976 ) and th i s  f igure is expected to increase by at  l east  400 mi l l ion  tons annual l y  by 
1 985 ( Bagge 1 977 ) .  Pl ann i ng for e ffect i ve coal transport des i gned to meet th i s need wi l l  requ i re 
anal yses of the various  transport a l ternati ve s ,  the i r  costs and competi t i ve advantages , by 
geograph i c  reg i o n ,  and the envi ronmental acceptab i l i ty of  each al terna t i ve .  The mos t  v iab l e 
modes for l ong-di stance transport are ra i l roads , barges and s h i ps ( used a l one or i n  tandem ) , and 

. coal s l urry p i pe l i ne s .  Trucks  and overl and bel t con veyors are preferred for s hort-d i s ta nce 
transport.  

E . 2 . 4 . 1  Ra i l roads 

Most  ra i l road compa n i es v i ew coal transport a s  thei r  ma i n  area of future growth , and are rap i d l y  
deve l op i ng t h e  concept of un i t  tra i n  coa l  s h i pmen t .  Present l y ,  65 percent ( U . S .  Comptrol l er 
General 1 97 7 )  of the U . S .  annual  coal production i s  moved at l east  parti a l l y  by ra i l , and  coal 
represents 2 9  percent ( U . S . Department of  Transportati on 1 978 ) of a l l the ori g i na t i n g  traffi c 
s h i pped by ra i l  in the U . S .  ( Graves 1 974 ) ( F i g .  ( 1 3 ) .  Th i s  percentage wou l d  i nc rease i f  
mu l t imodal transport i s  consi dered . 

The  u n i t  trai n ,  wh ich  i s  the pri nc i pal  method of coal transpo rt by ra i l ,  cons i sts  of 70 to 1 00 
open-topped hopper cars w i th a capac i ty of 85-1 1 0  tons each , dri ven by severa l d i esel  l ocomo
t i ves . Each uni t tra i n  can haul  approx imately 1 0 , 000 tons . I n  l arge-sca l e  opera t i on s ,  coal can 
be l oaded a t  a rate of  as much as  5000 tons per hou r ,  wh i c h  wou l d  permi t s h i pmen t  of th ree uni t 
tra i n s  per day . As ra i l  s h i pment costs i ncrease ( Krohm and Dux 1 97 7 )  ea s t  of the M i s s i s s i pp i  ( to 
g reater than hal f o f  the del i vered price)  due to mu l t i p l e  ra i l road ma nagement , a l arge percentage 
of the coal produced does not reach i ts f ina l  des t i nati on u s i ng th i s  mode of transporta t i o n  a l one  
( Lewi s and Stupka 1 97 7 ) . Termi nal  un l oading  po i nts may therefore i nc l ude tra n s h i pment fac i l i t i es 
where the coal i s  s toc k p i l ed for transport by barge , frei ghter,  or truck to i ndu stri es  or u ti l 
i t ies  u s i ng the coal for fuel . I n  e i ther case , to avo i d  bottl enecks that t i e  up equi pment and 
resu l t in l os t  t ime , unl oad i ng fac i l i t i es at  transshi pment po i nts and l a rge  ut i l i t i es and i ndus
tr ies  must  have  adequate un l oad i ng and  storage capac i ty for coa l  s h i pped by un it  tra i n .  

E . 2 . 4 . 2  Barges and S h i ps 

I n l and waterways are currently used to transport 1 1  percent of the annual  U . S .  coal  produc t i on 
( 25 to 30 percent of coal uti l i z i ng mu l t i moda l transport ) (Anonymous 1 975a ; U . S .  Comptrol l er 
Genera l  1 97 7 ) , and coal i s  the major commod i ty carr ied , compri s i ng about 22 percent  of the tota l 
tonnage sh i pped on i n l and waters (Anonymous 1 974a ) . The i n l and  waterway sys tem cons i sts of the 
Great Lakes ( s h i pp i ng 5 to 1 0  percent of  the annual coa l produc ti on ) and 25 , 000 mi l es of navi ga
b l e  waterways on the  Mi s s i s s i pp i -Gu l f  Coast  Sys tem , i nc l u d i ng the Oh io  and I l l i no i s  ri vers 
( Anonymous 1 974a ) , wh ich  are used to transport the rema i nder of the coal sh i pped by water 
( F i g .  E . 1 4 ) .  A s i ng l e barg i ng operation usua l ly con s i sts  of 1 0  to 20 barges of about 1 000-ton  
capac i ty ,  pus hed by a 1 00-hp towboat . I n  the open wa ter of the l ower �li s s i s s i pp i , as many as 36 
open barges may be navi gated . A new 20-mi l l i on-tons per yea r ( tpy ) l oadi ng  fac i l i ty at 
Metropo l i s ,  I l l i noi s ,  i s  i nd i cat ive of  cu rrent trends in the barge s h i pmen t  of coa l ; 1 5  j umbo 
barges can be l oaded i n  s i x hours wi th 22 , 500 tons of coal  ( Ross and Ma rti nka 1 975 ) . These 
j umbo barges are l i mi ted to c hanne l s  greater than 2 . 7  m (9 ft ) in depth . Surface i c i ng i s  a l so 
a l imi t ing  fac tor to barge s h i pments i n  northern c l imates . 

The capac i ty of the Great Lakes System i s  i ncreas i ng w i th the newly cons tructed Orba Corp . 
transs h i pment fac i l i ty a t  Super i or , W i scons i n .  At pea k capac i ty ,  th i s  fac i l i ty i s  expec ted to 
hand l e 20 m i l l ion  ton of wes tern coal ( Lewi s  and Stupka 1 977 ) .  New supers h i ps of l OOO-foot 
l ength and 62 , 500-ton capac i ty are sel f-u n l oadi ng a nd can transport wes tern coa l from Lake 
Superior to po i nts i n  the l ower Grea t Lakes such  as Detro i t for $6-8 per ton l ess  than the cost 
of  ra i l  transportation ( Lewi s and Stupka 1 9 77 ) .  Only one such s h i p  is  now operati ng , but as  the 
reg i onal market demand devel ops , these carri ers , a l ong w i th assoc i a ted transsh i pment fac i l i t i e s , 
are expected to promote s h i pp i ng as an eff i c i en t  mode of coa l tran sportation  to the Grea t La kes 
reg i onal market . 

E . .  2 . 4 . 3  Coa l Sl urry P i pe l i nes  

There is  only  one operating  s l u rry p i pel i ne i n  the 48  cont i guous states , and i t  ca rri es coa l  273  
mi l es from the  B l ack  Mesa coa l fi e l ds in  Ari zona to the  Moj ave power p l an t  i n  southern Nevada . 
Th i s  45-cm ( 1 8 - i n . )  p i pel ine  de l i vers 4 . 8  mi l l ion  tpy at about 4 mph and 660 tph , and requ i res 
about 3 79 , 000 m3 ( 1  b i l 1 1 0n gal ) of water per yea r .  A s l u rry p i pel i ne from Cad i z ,  Oh i o ,  to Lake 
E r i e  wa s c l osed i n  the early 1 960 ' s .  Whi l e  on ly  a sma l l  quanti ty of coa l i s  currently  s h i pped 
v i a  p i pel ine ,  the feas i bi l i ty of several l a rge-sca l e  i nsta l l at i ons in both the east and the west 
is be ing  s tudied ( F i g .  E . 1 5 ) . The proposed western fac i l i ti es wi l l  tra nsport l ow-su l fur  coa l . 
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The routes and  s i zes  of the proposed p i pel i nes are g iven in  Tab l e E . 9 .  Shou l d  these projects be 
compl eted they woul d account for 5 to 1 0  percent of the present annual U . S .  Product i on (Anonymous  
1 977 ; Gray and Mason 1 975 ) .  

There are major probl ems associ ated with  the use  of coal sl urry p i pel i nes  and these probl ems 
d i ffer by regi o n .  Western l i nes  requ i re huge amounts of water ,  wh i c h  i s  i n  c hron i ca l l y  s hort 
s uppl y .  Land u s e  restri c t i ons cou l d  make the acqui s i t ion  o f  ri ghts -of-way i n  both the east and 
the west d i ffi cul t .  An examp l e  o f  these restr ict i ons i s  the easements acro s s  ra i l road ri ghts
of-way when  p i pel i nes  are in  d i rect compe t i t i on w i th them for coal  s h i pmen t .  T h e  primary advan
tage to the use o f  sl urry p i pel i nes is that because ma i ntenance is l ow ,  they are not affected by 
i nf l a t i on . I n terrupt i ons  i n  serv i ce wou l d  be m i t i gated by the same types of storage fac i l i t ies  
common a t  power pl ants  u s i n g  coa l  sh i pped by  ra i l  or barg e .  

Effl uent from c o a l  dewater i n g  at  t h e  p i pel i ne termi nus cou l d  be u sed for coo l i ng water makeup ,  or 
treated for some other s pec i fi c  use.  Dewateri ng  fac i l i t i e s  usua l l y  empl oy vacuum d i sc fi l ters 
and therma l dryers in a sys tem des i gned to produce fi l ter cake and c l ear water .  Shoul d pota b l e  
o r  h i g h- qua l i ty water b e  des i red , appropri ate s torage and treatment faci l i ti es wou l d  b e  necessary .  

COAL SLURRY P IPEL INES 

-- E X I ST I NG 
------ PROPOSED 

\ , \ \ \ \ \ \ \ , .. , \ " 

Fi g .  E . 1 5 . Exi st i ng  and Proposed Coal  S l urry P i pel i nes . From data i n  U . S .  
Geol o g i ca l  Survey ( 1 977 )  and Anonymous  ( 1 978 ) .  

Tab l e  E . 9 .  Routes a n d  S i ze s  o f  P roposed Coa l S l u rry P i pe l i ne s  

Route P i pe l i n e Len g th P i pe l i n e  D i ame te r Capa c i ty 

Col orado to Texa s  1 1 0 m i l e s 
Wyom i ng to Arka n s a s  1 0 30 m i l es 
Utah to Nevada 1 80 mi l e s  
New Mex i co t o  Ari zona 1 80 mi l es 

Eas tern Ken tucky to ( ?  ) 
Fl o r i  da 

a From Ro s s  and Mar t i n k a  ( 1 9 7 5 ) . 
b From Anonymous ( 1 9 78 ) .  

Wes terna 

E a s tern
b 

45 cm ( 1 8  i n .  ) 7 mi l l i o n  tpy 
9 7  cm ( 38 i n .  ) 25 m i l l  i on tpy 
61 cm ( 24 i n .  ) 1 0  mi 1 1  i on tpy 
4 1  cm ( 1 6  i n .  ) 21 mi l l  i on tpy 

71 cm ( 28 i n .  ) 1 5  m i l l  i o n tpy 
or o r  

1 22 cm ( 48 i n . ) 45 m i l l  i on tpy 
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E . 2 . 4 . 4  Truck  Transport and Overl and Bel t Conveyors 

Trucks  and bel t conveyors a re used over short d i s tances , usual l y  to l i nk  the m i ne s i te w i t h  some 
mode of l ong-di s tance transport such as the un i t  tra i n .  Trucks ( 1 50- to 200-ton capaci ty )  
curren tl y account for most o f  th i s  s hort-d i s tance (off-road ) hau l i ng .  Trucks  hau l i ng coal by 
h i ghway are l imi ted i n  s i z e  to 20-30 tons net capac i ty .  Whi l e  much of  truc k transport i s  
i ntrastate,  truck trans port may be i nterstate i n  the east , where s tates are smal l and the mine
mouth and consumer are  i n  c l ose proximi ty .  Conveyor systems i n  l arge operat ions a re becom i n g  
i ncrea s i ngl y cost-compet i t i ve because  of  the i r  l ow ma i n tenance a n d  ab i l i ty to cover rough terrai n  
( Anonymous 1 974b ) .  An operational  exampl e o f  a be l t  conveyor i s  the one a t  Bl ac k  Mesa , Ari zona,  
which transports coal  from the m i n i n g  area at 1 400 tph to a un i t  tra i n  61 0 m ( 2000 ft ) bel ow on 
the val l ey fl oor. 

E . 2 . 5  Coal Combustion  

The features of coal  combustion descri bed in  th i s  section  perta i n  on ly  to  the operation  of coa l 
f i red furnaces ,  and excl ude the i nd i rect aspects o f  the coa l cyc l e ,  wh i c h  are deal t w ith  i n  
other secti ons . Incl uded are those anc i l l ary fac i l i t i es necessary to operat ion  of the furnac e .  

E . 2 . 5 . 1  F u e l  Req u i rements 

The major factors determ i n i n g  fue l  requi rements for any coal -fi red furnace are the heati ng va l ue 
of the coal and the des i gn thermal capaci ty of the furnace .  Heati ng val ue o f  the coal vari e s  
w i th i ts source ( Tab l e  E . 1 0 ) , and depends upon i ts ran k a n d  conten t of ash , mo i sture ,  and 
sul fur . The thermal des ign  capa c i ty of  the furnace i s  con s i de rably l arger than its net output 
due to vari abl e therma l effi c i ency . For exampl e ,  el ectric  power pl ants operate at about 30 to 
40 percent thermal convers ion  effi c i ency . I n  add i t i on , anc i l l ary equ i pment reduces eff i c i ency . 
Anc i l l ary equ i pment i ncl udes heat d i s s i pation  systems (when requi red ) ,  stack-gas cl ean i n g  equi p
ment ,  and ope rat i onal power consumpt i o n .  

E . 2 . 5 . 2  Furnace Types 

Furnaces i n  common use  i ncl ude s to ker-fi red , cycl one-furnace-f i red , and pul veri zed-coa l -fi red 
u n i t s  ( Dvora k et a l . 1 97 7 ) .  A s toker i s  a mechan i sm wh i c h  feeds fuel onto a grate w i t h i n  a 
furnace ; s to kers are used primari l y  i n  furnaces of smal l s i ze ( 350 , 000 l bs of steam/ hr)  ( Babcock 
and Wi l cox 1 972 ) .  Cyc l one furnaces burn crus hed coa l in a horizontal  cyl i nder u s i ng a h i gh
vel oc i ty stream of a i r  i nj ected through the cyl i nder to produce a cyc l on i c  fl ame pattern . These 
furnaces produce re l atively  h i gh concentra t i ons  of n i trogen oxi des . Pul veri zed-coal furnaces 
mix powdered coal w i th a i r  and b l ow i t  i nto the furnace .  Mos t  new  l arge power p l ants use the 
pul veri zed-coal sys tem. Both pu l veri zed-coal burners and cycl one  furnaces requ i re o i l  or 
natural gas i gn i ters duri ng  startup and s hutdown and for fl ame stab i l i zation  ( Dvora k e t  al . 1 977 ; 
Dvora k et a l . 1 978 ) .  

E . 2 . 5 . 3  Coa l Storage ( L i ve and Reserve ) 

Coal s torage areas serve as the primary assurance of u n i n terrupted coal supply . Wh i l e  use i n  a 
typ i cal  furnace i s  cont i nuous , del i veries  typical l y  arri ve dai l y  i n  one or two bul k sh i pments . 
These del i veries  are subject  to i nterruptions  caused by l abor probl ems , natural  d i sasters , or 
breakdowns in transportation . Conti ngenc i es such as these are met by establ i s h i ng two stock
p i l es - - l i ve s torage and reserve s torage--wh ich  serve di fferent object i ves . The s i ze of the 
s torage pi l e  w i l l vary not only wi th the s i ze of the furnace but  w i t h  the ran k  of the coal be i n g  
used . 

The objecti ve of l i ve s torage i s  the mai ntenance of the sma l l es t  pos s i bl e  coal p i l e  con s i s tent 
with the s i ze and requi rements of the furnace . Fres hly cut coal begi ns to ox i d i ze s l owly when 
i t  i s  brought in contact w ith  a i r ;  thus  the Btu content of the coal decreases over time .  S i nce 
t h i s  l ow-temperature oxidation  i s  l argel y  surfic i a l  i n  exten t ,  the amount of ox i dation decreases 
over t ime . I n  add i t i on , un l ess  d i s s i pated , the heat produced dur i n g  oxi dation can cause sponta
neous combus t i o n ,  resu l t i ng i n  l arge economi c l os ses . Loose stac k i ng of the p i l es maximizes  
heat d i s persal but al so max imizes  surface area , wh ich  i ncreases oxidation . Thus , to reduce the 
hazards of ox i dat ion ,  the amount of coal i n  the l i ve pi l es i s  kept to a m i n i mum and used as 
q u i c k l y  as poss i bl e .  

A reserve storage stockp i l e  o f  coa l  at the pl ant s i te i s  ma i n ta i ned so that pl ant operations  can 
cont i nue in the event of an u nschedu l ed i nterru ption i n  del i very . Norma l l y ,  a 1 00-day reserve 
supply i s  ma i ntai ned at e l ectric generati ng faci l i t i es al though the amoun t  may be l ess  at mine
mouth operations . Whether the end product is  el ectr i c i ty or process s team , there is  a need for 
adj acent areas to be set a s i de for coal s torage ( Dvorak et al . 1 977 ) .  



Tabl e E . 1 0 .  Summary o f  MOi s ture ,  Ash ,  Su l fur and Heat Content o f  Coa l from Some 
Maj or Coa l -Produc i ng Seams i n  the Un i ted States 

Mo i s ture (%) _ _  Al>l1 _ _  u n  S u l fur ( r )  ____ Heat ( B tu/l b )a 

Reg i on/State Seam Averageb b Averageb Range Range Average Range Range Averageb 

Northern ARRa 1 a c h i a n  
---_ . .  _ -------

Wes t  V i r g i n i a  P i  t t s burgh 2 . 9c 4 - 20 7 ( M )  0 . 6- 1 4  2 . 2 ( M )  1 1  ,400 - 1 4 ,800 1 3 ,800( M )  
Pennsyl v a n i a  P i t t sburgh 1 . 1 - 3 . 9  2 . 5 ( MR)  4 . 2 - 1 0 . 8  7 . 5 (M R )  0 . 7 - 3 . 3  2 . 0 ( MR )  1 3 , 040- 1 4 , 340 1 3 , 690(MR)  

Southern AR�a l a c h i a n  
Eastern Kentucky Upper E l  khorn #3 3. 2c , d 3 . 9  0 . 9  1 4 , 200 
Tennessee Upper E l  khorn #3 

1 . 9- 1 0 . 5e 0 . 7 - 3 .  / 1 2 , 630- 1 4 , 290g ( Je l l  i c o )  2 . 0- 7 . 6  4 . 8 ( MR)  6 . 2 ( MR) 2 . 0 U1R)  1 3 , 46 0 ( M R )  
V i rg i n i a  Upper Banner 1 . 8-2 . 2h 2 . 0 ( J· R )  4 . 7 - 5 . 8  5 . 3 ( MR)  0 . 5 -0 . 7  0 . 6 ( MR)  1 4 , 600- 1 4 ,870 1 4 , 73 5 ( M R )  
A l a bama Mary Lee 1 . 2-4 . 0  2 . 6 ( M R j  4 . 9- 1 9 . 8  1 2 . 4 ( M R )  0 . 5- 2 . 6  1 . 6 ( MR )  1 1  , 5 70- 1 4 , 700 1 3 , 1 35 ( M R )  

Eas tern I n terior 
I l l i n o i s  ( No . 5 )  Ha rr i s burg-

S p r i n g f i e l d  4 - 1 8  1 1  ( M R )  8- 1 2  1 0 (MR)  2 - 5  3 . 5 ( flR)  1 0 , 1 00- 1 2 , 700 1 1 , 400(MR)  
I n d i a n a  ( N o . 5 )  Sp r i ng f i e l d  5 - 30 1 2  0 . 7- 7 . 3  3 . 3  9 , 1 00- 1 4 , 000 1 2 , 800 
Wes tern Ken tuc ky ( No .  9 ) ( N o .  5 I l l . )  5 . 0  1 0 . 5  3 . 1 5  1 2 , 940 

Powj�i veI Region 
Montana Anderson-Di  etz 1 & 2 

and Anderson 4 . 0 - 5 . 3  4 . 6  0 . 29- 0 . 5  0 . 37 7 , 92 5 - 9 , 652 8 , 633 
Wyomi ng Anderson & Canyon & 

Wyoda k-Anderson 2 1 . 1 - 36 . 9  2 9 . 7  3 . 1 - 1 2 . 2  6 . 0  0 . 1 4- 1 . 2  0 . 48 7 , 1 28-9 , 600 8 , 203 

Fort U n i o n  L i gn i te 
North Dakota Unde f i  ned 3 3 . 5-43 . 8  3 7 . 9  4 . 4 - 8 . 0  6 . 2  0 . 2- 1 . 4  0 . 6  5 , 960-7 ,487 6 , 783 

Four Corners 
Ari zona Wepo 7 . 0 - 1 7 . 4  1 0 . 35 3 . 4-6 . 7  5 . 2  0 . 4-0 . 9  0 . 6  1 0 , 450 - 1 2 ,060 1 1 , 6 1 7  
New Mex i co Na vaj 0 1 3 . 2  2 0 . 4  0 . 72 9 , 200 

--
-----

-
--- ---- ------ ---- ------------

Adapted from Dvorak et a 1 . ( 1 9 78) . 
aTo convert Btu/ l b  to J / k g ,  mul t i pl y  by 2 . 324 x 1 0 3 .  
bVa l ues are averages u n l e s s  o t herwi se noted (MR  = m i d range;  M = medi an ) .  
cWa 1 k e r  and  Ha rtner ( 1 966 ) .  
dSynder and Aresco ( 1 95 3 ) . 
eExc l u d i n g  a va l ue of 1 8 . 2 .  
fExc l ud i n g  a val ue o f  4 . 8 .  
gExc 1 u d  i n g  a v a  1 u e  o f  1 1 , 690.  
h Exc l ud i ng a v a l ue of 6 . 7 .  

Ark l e  e t  a l . ( 1 97 5 )  
Edmunds ( 1 9 7 5 )  

Smi th a n d  McGra i n  ( 1 9 7 5 )  

Lu ther ( 1 97 5 )  
Ca l ver ( 1 97 5 )  
Da n i e l  ( 1 97 7 )  

S i mon e t  a l . ( 1 9 7 5 )  
W i er a n d  Hutc h i nson ( 1 9 7 5 )  
Sm i th a n d  McGra i n  ( 1 9 7 5 )  

rn 
I 

N 

Ma tson ( 1 97 5 )  .po 

G l a s s  ( 1 9 7 5 )  

Carl son ( 1 97 7 )  

P i e rce e t  a 1 .  ( 1 9 7 0 )  
Ko t t l ows k i  ( 1 97 5 )  
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There is  re l ati vely l i ttl e l ow-temperature oxi dati on in  reserve s torage p i l es because they are 
we l l  compacted to m i n imi ze contact of the coal wi th the a i r .  The mi drange of i ndustry prac tice  
has provi ded a " typ i cal " compaction factor wh i c h  resu l ts in  a den s i ty of 1 750 tons/acre- ft . 
Surface ox idation  nonethe less  occurs , and the p i l e  must be constantly chec ked for "hot s pots . "  
I f  these hot s pots are not promptl y removed to the boi l er feed s tream , spontaneous combustion 
wi l l  occur and resu l t i n  s i zabl e l osses to the stockp i l e .  

For those fuel -burn i n g  i ns tal l ations  that are req u i red to reduce SOz emi s s i ons  and have stack 
gas s crubbers , faci l i t i es for storing  and crush i ng 'l imestone are al so necessary .  The amount of 
l i mestone needed vari es d i rectly wi th the s u l fur content of the coal , and so storage areas wi l l  
vary i n  s i ze ,  dependin9 on the ran k of coal . Most  western coal s meet 1 971 air qual i ty standards 
for s u l fur oxi des ( SOx ) when burned i n  exi sting  fac i l i t i es ,  so l imestone scrubbers are not 
requ i red . New C l ean Ai r Act Amendments passed in 1 977 requ i re best avai l ab l e  contro l technol ogy 
' ( BACT ) regard l es s  of the type of coa l burned . The poss i bl e  effects of th i s l aw on reg ional  coal 
use and demand ,  a i r  qual i ty ,  convers i o n ,  etc .  are di scussed in Sect ion 6 of th i s  impact statement .  

E . 2 . 5 . 4  Waste Products- -Emi s s ions  and Effl uents 

Coa l  combu stion res u l ts i n  s tack gas emi s s i ons con ta i n i ng a vari ety of e l ements and compounds , 
i nc l uding  s u l fur ox ides ( SOx ) ,  n i trogen oxi des ( NOx ) ,  f ly  ash , trace e l ements , radionucl i des , 
hydrocarbons ,  carbon d i o x i de ( C02 ) ,  and carbon monox i de ( CO )  ( Dvorak et al . 1 977 ; Dvorak et al . 
1 978) .  The Federa l  Ambi en t  Ai r Qual i ty Standards and the 1 977 amendments to the Cl ean Ai r Act 
req u i ri ng best ava i l ab l e  control techno l ogy ( USEPA 1 977 )  i mpose stri ct g u i de l i nes  on the amount 
of parti c u l a tes , SOx , NOx , CO , hydrocarbons , and pho tochemi cal oxidants that may be emi tted by 
new faci l i ti es .  Curren t  coal  consumers can meet these requi rements i n  a n umber of ways . 

One way the coal user may meet the requi remen ts i s  by choo s i n g  a coa l wi th propert ies  that 
m i n i mi ze the emi s s i on of pol l u tants . *  Tabl es E . 1 0 through E . 1 2  sumnari ze several parameters of 
coal on a reg i ona l  bas i s .  Tab l e  E . 1 2  focuses on con s i derati ons important in determi n i ng the 
amount of coal needed . I n general , western coal s have h i g h  ash  and moi stu re content coup l ed 
w i th l ow s u l fu r  and heat content .  Coal s from the Appal ach ian  Reg ions  and the Eastern I n teri or 
Reg i on vary in  thei r s u l fur conten t and usua l l y  have h i gher heat con tent and l ower ash  and 
mo i s ture content than western coal . The average content of major trace el ements i n  represen
tat i ve coal s are l i sted by s tate and reg i on in Tabl e E . l l .  The uran i um and thori um concen 
trations  of represen tati ve coa l s  from a n umber of di fferent reg i ons are l i sted i n  Tab l e  E . 1 2 .  
Actual val ues for these parameters are h i g h l y  variabl e both among and w i th i n  seams . 

A w i de array of a i r pol l ut i on control devi ces and techni ques are ava i l ab l e  to reduce emi ss ions  
to  within  a l l owabl e l eve l s .  A n umber of  tec hno l og i e s  are avai l abl e to c l ean the s tack  emi ss ions 
of s pec i f i c  pol l utants (i . e . , a sh , SOx , NOx ' etc . ) .  

Of the ash  produced duri ng  coa l combusti o n ,  that port i on whi ch exi ts the stack i s  ca l l ed atmos
pheri c fly ash . Ex i sting  techno l o g i es to reduce fly ash  emi s s i on s  i nc l ude wet scrubbers of the 
Venturi  (99 . 0  percent effi c i en t )  or mov i n g-bed ( 99 . 9  percent effi c ient )  type , el ectros tati c  
preci p i tators ( 99 . 9  percent  effi c i en t ) , o r  fabri c fi l ter systems ( 99 . 9  percent effi c i ent ) .  The 
majori ty of  ash produced by combu s t i on does not ex it  the stac k , and i ts d i s pos i t i on i s  d i scussed 
i n  the fol l ow i ng s ecti on on so l i d  waste . These effi c i en c i e s  are nom i na l , and may be adjusted 
s l i gh tl y ,  depen d i n g  on coal type ( Baruch 1 976 ; Lockl i n  et  al . 1 974 ; Phe l an et  al . 1 976 ; Southern 
Research  I ns t i tu te 1 975 ) . 

A number of near-term opti ons for SOx control have been deve l oped whi c h  meet the emi s s i on stan 
dards set for coa l -fi red furnaces (Comnerce Techn i ca l  Adv i so ry Boa rd Pane l  1 975 ) .  These i nc l ude 
( 1 ) the use  of l ow-s u l fur coal ,* ( 2 )  coal benefi c i a t i on , *  ( 3 )  fl ue-gas desu l furi zat i on ( FGD ) , 
and ( 4 )  a comb i nat i on of coal benefi c i at i on and FGD . Us i ng l ow- su l fur coal i s  the most des i rabl e 
opti on because  i t  m i n imi zes the need for comp l ex and expen s i ve techno l ogy . *  However , only 
western coa l meets the present New Source Performance Standard ( NSPS)  ( USEPA 1 97 1 b )  of 1 . 2 l b  
SO z/mi l l ion  Btu . Western coal i s  i n  l imi ted supply and i s  l ocated far from the areas ( the east 
and mi dwes t )  where demand has been the greatest .  Coal benef i c i a t i on i nvol ves c ru s h i ng and 
was h i n g  the coal , wh i ch removes some of the as h ,  trace meta l s ,  and pyr i t i c -s u l fu r-beari ng materi 
al s ( i norgan i c  s u l fur) by phys i cal  or mechan i cal  means ( Comnerce Tec hn i ca l  Adv i sory Board Panel 
1 975 ) . Benefi c i at i on reduces the ash  content  by 65 percent and the sul fur content by 55 percent 
(on a Btu bas i s ) ,  and heat con tent i s  i ncreased by 20 perc en t .  FGD systems may b e  e i ther " throw
away" (wh i ch  produce was te s l udge as a by-product)  or " regenerabl e"  (wh i ch  regenerate the 
sorbent and y i el ds s u l furi c ac i d  or e l emental  s u l fu r  as  a by-product ) . Four systems now i n  
operation represent about 90 percent of the FGD technol ogy i nsta l l ed or under cons tructi on :  
( 1 ) l i me -l imestone scrubbi ng , ( 2 )  doubl e a l kal i scrubb i ng , ( 3 )  magnes i a  scru bb i n g ,  and ( 4 )  the 
We l l man -Lord process (Ottmers et a l . 1 975 ) .  The f irst two are throwaway systems , wi th l ime
l i mestone scrubb ing  rece i v i ng the wi dest appl i cat ion of the four ( Comnerce Tec h n i cal  Advi sory 

*May not be appl i cabl e under the 1 977 Amendments to the C l ean Ai r Act .  



Tabl e  E . l l .  Average Trace-El ement Concentrat ions  ( ppm) i n  Coal by State 

Northern 
_�a 1 achian Southern Appa l achian Eastern I n te r i or Powder R i ver Re9i.2!'. Four Corners 

E l ement 

Arsen i c  
Barium 
Bery1 1 "j um 
Boron 
Cadmi um 
Chromi um 
Coba 1 t  
Copper 
F 1  uori ne 
Lead 
L i th i  um 
Man9anese 
Mercury 
Mo 1 ybdenum 
N i  c ke 1  
Selenium 
Tel l u r i um 
Tha 1 1  i um 
T i n  
Vanad i um 
Zinc  
Z i rcon i um 

Ura n i um 

w. Va . 

7 7  
1 . 2  

20 

1 9  
1 7  
1 1  
70 

4 . 9  
44 
21 

0 . 1 2  
6 . 2  

1 8  
3 . 4 c 

1 . 5 
30 
1 7  
63 

Penn . 

1 6  
70 

0 . 8  
1 5  

24 
1 8  
1 3  
90 

5 . 2  
64 
21 

0 . 20 
9 . 8  

2 0  
3 . 7c 

1 . 1  
33 
2 2  
6 8  

E a s  tern 
Ky. 

6 
79 

1 . 5  
1 9  

1 9  
1 5  
1 1  
30 

4 
78 
26 

5 . 2  
1 6  

3 . 1  c , h  

4 . 6  
29 
1 5  
60 

range , not avg . < l O-30e 20- 1 90e We 

#Samp 1 es for da ta 
from Abernethy 
et a 1 . ( 1 969)  247 1 1 7  2 6  

Al a .  Va . 

1 3  1 0  
1 1 0 99 

0 . 74 1 . 1  
30 1 3  

1 9  20 
1 8  1 4  

1 4  1 3  
90 50 

3 . 7  6 . 1  
75  34 
1 9  42 

1 1  8 . 3  
1 7  22 

5 . 1 c 4 . 4c 

2 . 2  
31 
2 2  
56 

47 

2 . 3  
33 
2 3  
4 4  

< 1 0e 

5 1  

Ten n .  

1 20 
0 . 58 

24 

1 9  
1 3  
1 1  

1 20 
4 . 9  

36 
23 

7 . 8  
1 6  

4 . 9c 

1 . 8 
34 
23 
45 

25 

I l l .  

49 
1 . 3 

81 
2 . 9b 

29 
1 5  

8 . 3  
59b 

33 
45 
73 

a . 1 8d 

8 . 8  
25 

2b 

2 . 6  
35 

1 40 
88 

< 1 0-80e 

29 

Western 
Ky . 

44 
1 . 4 

70 

1 8  
1 6  

8 . 8  

6 . 4  
1 6  
1 9  

7 . 4  
1 6  

3 . 1  c , h  

2 . 5  
32 
48 
7 7  

5 0  

I n d .  

7 
31  

1 . 7  
85 

1 9  
24 

9 . 7  
509 

7 . 2  

24 
26 

0 . 08 
5 . 2  

33 
4c 

0 . 74 
35 
73 

1 00 

1 0e 

31  

Mon t .  

< 6  
380 

1 . 5  
60 

<0 . 1  f 

3 
7 . 7  
3 . 2  

70 
4 . 8  

2 7  
5 7  

0 . 07 
4 . 8  
3 . 3  
3c 

1 . 1  
1 2  
42 
77 

Wyo . 

1 a 

1 70 
2 . 4  

36 
0 . 46a 

5 . 8  
5 . 2  
4 . 4  

1 60a 

0 . 6 1  
1 9  
1 4  

0 . 05a 

2 . 2  
4 . 1  
0 . 8a 

0 . 025a 

0 . 4a 

1 . 4 
1 5  
37  
39 

1 0 -340e 1 0- 1 000e 

8 

New 
Mexi co 

2a 

270 
0 . 94 

43 

<2 . 6a 

1 1  
1 5  

5 . 9  
1 6 0a 

4 . 7  
1 6  
1 9  

0 . 08a 

2 . 0  
8 . 1  
2 . 0a 

0 . 03a 

0 . 24a 

1 . 9  
2 5  
1 9  

1 1 0  

1 0-6200e 

1 4  

From Dvorak e t  a 1 . ( 1 9 77 ) .  Except f o r  e n tries marked b y  superscri pts " a "  throu9h " f " , entries i n  t h i s  tabl e are based upon data i n  
Abernethy et a 1 . ( 1 969 ) .  

aSwanson ( 1 972 ) .  
bRuch e t  a 1 . ( 1 974 ) .  
cLa k i n  ( 1 973 ) .  
dRuch e t  a 1 . ( 1 9 7 1 ) .  
eAbernethy and Gi bson ( 1 963) . 
fU . S .  Geo 1 09 i ca 1  Survey ( 1 974 ) .  
9Based on a s i n9 1 e  samp l e . 
hMean va 1 ue for a 1 1  of Kentuc ky.  

Ari z .  

2a 

399 
0 . 9 79 

499 
<0 . 54a 

9 . 79 

4 . 99 
70a 

3 . 99 
1 99 

9 . 79 
0 . 05a 

0 . 9 7 9  
4 . 99 
2 . 1  a 

< 0 . 02a 

<0 . 2a 

0 . 979 
9 . 7 9 
9 . 79 

399 

IT! I 
N '" 
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Tab l e E . 1 2 .  Range o f  Uran i um and Thori um Concentrations  and Geometric Means 
(expec ted val ues ) for Coal  Samp l es Taken from 

Va ri ous Regi ons  of the Un i ted States 

Uran i um concentrati on Thori um concentrati on 

Reg i on Coal ran k 

Pennsyl van i a  Anthra c i te 
Appal ach i aa B i tumi nous 
I nteriorb B i tumi nous 
Northern Great Pl a i nsc Subbi tumi nous , 

Gu l fd 

Roc ky Mounta i ne 

Al a s ka 

l i g n i te 
L i g n i te 
B i tumi nous , 
s ubbi tumi nous 
Subbi tumi nous 

From Swan son and Medl i n  et al . ( 1 976 ) . 

Numbe r 
of 

sampl es 

53 
331 
1 43 
93  

34  
1 34 

1 8  

(��m} 

Range 

0 . 3-25 . 2  
<0 . 2- 1 0 . 5  

0 . 2-43 
<0 . 2- 2 . 9  

0 . 5- 1 6 . 7  
< 0 . 2-23 . 8  

0 . 4- 5 . 2  

Geometr i c  
mean 

1 . 2 
1 . 0 
1 . 4 
0 . 7  

2 . 4  
0 . 8  

1 . 0 

(��m} 

Range 

2 . 8- 1 4 . 4 
2 . 2-47 . 8  

<3 -79 
<2 . 0-8 . 0  

< 3 . 0-28 . 4  
<3 . 0-34 . 8  

<3 . 0- 1 8  

a pennsyl van i a ,  Oh i o ,  Ma ryl and , Wes t  V i rg i n i a , V i rg i n i a , Kentucky , Tennessee , Al a bama . 
bMi c h i gan , I n d i ana , I owa , Nebraska , M i s souri , Kansas , Okl ahoma , Arkansas . 
cNorth Da kota , Montana , Wyom i ng . 
dAl abama , M i s s i s s i pp i , Arkansas . 
eWyoming , Co l orado , Uta h ,  Ari zona , New Mex i co .  

Geometri c 
mean 

4 . 7  
2 . 8  
1 . 6 
2 . 4  

3 . 0  
2 . 0  

3 . 1  

Note : The ana lyses for u ra n i um and thori um were performed on whol e coa l . The ari thmeti c  average 
concentrations  of thori um and u ran i um i n  ppm for al l coal samp l es and various ranks of coa l for 
the whol e  Uni ted States a re as fol l ows : 

Thori um U ra n i um 
Coal ran k  Sam�l es (��m} (��m} 
Al l coa l 799 4 . 7  1 . 8 
An thrac i te 53  5 . 4  1 . 5 
B i tumi nous 509 5 . 0  1 . 9 
Subbi tumi nous 1 83 3 . 3  1 . 3 
L i g n i te 54 6 . 3  2 . 5  

Boa rd 1 975 ; Ottmers e t  a l . 1 97 5 ) . Some SOx (and  NOx ) w i l l  l eave the s tack and may contri bute to 
a cond i t i on known as a c i d  ra i n  ( Dvora k  and Pentecost et a l . 1 9 77 ) .  Th i s  phenomenon occurs when 
ra i nwa te r ,  whi ch i s  al ready s l i ghtly a c i d i c ,  is subjected to i ncreased su l fa tes  and n i trates i n  
the atmosphere . The resul t i s  a d rop i n  the pH o f  rai n  from a norma l 5 . 7  to < 3 . 0 .  

Coa l combus t i on rema i n s  the l a rgest stati onary source contributor  (42 perc ent )  to NOx emi s s ions  
(Brown e t  al . 1 9 74 ) .  Ni trogen oxi des (NOx ) are formed i n  the furnace by thermal fi xat ion of 
a tmospheri c n i trogen and the conve rs ion  of chemi ca l ly bound n i trogen i n  coal . The mos t vi abl e 
means for mi n i m i z i n g  NOx formation i s  modi fi cati on o f  the combusti on process  ( B rown et a l . 1 974 ; 
Crawford et a l . 1 976 ) .  Two promi s i n g  methods are the control of exces s a i r i n  the combus t i on 
process , and s taged combus t i on , where coal i s  burned i n  a primary reduc i ng zone and a l ower
temperature pos t-fl ame oxi d i z i ng zone . W i th these methods , NOx emi s s i on reductions of 50 to 6 5  
percent have been reported (Armenta 1 97 5 ;  Crawfo rd et  a l . 1 976 ) .  

Other emi s s i on products i ncl ude C02 ,  CO , fl uori de , hydrocarbon s ,  trace metal s ,  and rad i onucl i des 
(Dvora k  and  Pentecos t e t  a l . 1 977 ) .  Ambi ent  concentrat ion s  of a l l these substances are i ncreased 
in the v i ci n i ty of the emi s s ion  source , and the resu l t i n g  concentrat ions  in a i r ,  l and , and water 
depend on emi s s i on rate , s tack  he ight  and d i ameter,  p l ume ri se , preva i l i ng winds , topography , 
and  meteoro l ogi cal  condi t i on s  ( Dvorak et a l . 1 978 ) .  
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Aquat i c  e ffl uents from coal comb u s ti on are whol l y  l i mi ted to the rma'f l oadi ng  when heat rejecti on 
i s  req u i re d .  I f  the bo i l er produces s team a s  a means  of energy transmi s s i on , heat rejecti on 
wi l l  be req u i re d .  When coal -fi red bo i l ers produce process s team ( for a consump t i ve use such as  
hea t i n g ) ,  heat reject ion may not  be needed . However ,  a l ternate foss i l  fue l s  produce comparabl e 
amounts of wa s te hea t ,  and n uc l ear  fue l s  may produce as much as one- t h i rd more . Anc i l l ary 
fac i l i ti es s uch  as coal  and l i me s tone s torage p i l es ,  settl i n g  ponds ( see Sec . E . 2 . 5 . 5 )  and 
l i qu i d  was te s treams may contri bute add i ti onal effl uents through runof f ,  seepa ge , and d i s charge 
of d i sso l ved sol i ds i n to the rece i v i n g  wate r .  Such  e ffl uents are usual l y  mon i tored and regu l arl y  
subjected  to the equ i val ent o f  secondary sewage tl'eatment  a s  neces sary before d i scharge i n to 
rece i v i ng wate r ( Lewi s  and Stupka 1 977 ) .  

E . 2 . 5 . 5  Sol i d  Was te D i s posa l 

Sol i d  wastes generated by burn i ng of coal  and by pol l u t i on abatement processes res u l t  from the 
noncombust i b l e  s ubstances i n  the coal and i ncl ude ( 1 ) s l ag and bottom ash ,  ( 2 )  fly ash , and 
( 3 )  sc rubber s l udge . 

S l ag i 5  that port i on o f  the tota l ash  that me l ts i nto a v i scous fl u i d  at burner opera t i n g  
tempe ratures . I t  i s  usua l ly recove red by tapp i n g  the mol ten materi a l  i n to a tan k of wa te r ,  
where i t  i s  converted i n to a g l ossy ,  u n i forml y  s i zed mater ia l  of N o .  30 t o  N o . 4 mes h .  Bottom 
ash  i s  dry a s h  that i s  too heavy to be entra i ned i n  the fl ue gas . I t  i s  recovered by s i ft i n g  
through a g rate at  the bottom of t h e  bo i l er a n d  be i n g  m i xed wi th the s l ag t o  form a mater ia l  
cal l ed aggregate . 

F ly  ash  i s  that port i on of the tota l ash  carri ed up the fl ue ; up to 99 . 5  percent can be reta i ned 
by pol l ut i on abatement equ i pme nt . F l y  ash  may compri se up to 80 percent of the tota l ash  produced 
from burn i ng coal ( i n  pul veri zed b u rners ) ,  or as l i tt l e  as 25 pe rcent ( i n  cycl one fu rnaces ) ,  
wi th aggregate ma k i ng u p  the rema i nder ( Dvora k  e t  a l . 1 9 77 ) . F l y  as h i s  s i mi l ar to sandy s i l t  
i n  textu re , w i th a pH rang i n g  between 6 and 1 1 .  Tab l e s  E . 1 3  and E . 1 4  l i s t  the maj or chemi cal 
and trace e l ement const i tuents in coal ash . These chem i cal consti tuents may be g rouped i n to 
three general  c l as ses ( Kl e i n  e t  a l . 1 975a , 1 975b ) , a s  fo l l ows : 

Cl ass  1 .  E l ements that a re not v o l a t i l i zed i n  the comb u s t i on zone , but  i n s tead form a 
rather u n i form me l t  that becomes both f ly  ash  and s l ag .  These e l emen ts i ncl ude 
Al , Ba , Ca , Ce , Co , E u , Fe , H f ,  K ,  La , Mg , Mn , Rb , S c ,  S i , Sm , Sr, Ta , Th , and 
T i . 

C l ass  I I .  E l ements that are vol a ti l i zed  on combus t i on , and condense o r  absorb on the fl y 
ash  a s  the fl ue gas  coo l s , l ead i n g  to dep l e t i on from the sl ag and concentra t i on 
i n  the f ly  ash . These el ements i nc l ude As , Cd ,  Cu , Ga , Pb , Sb , S e ,  and Zn . 

Cl ass  I I I .  E l ements that rema i n  a l most  comp l ete l y  i n  the gas phase . These e l ements i nc l ude 
HC) , Cl , and B r .  

Coal a s h  a l so con tai ns rad i oacti ve e l ements that were ori g i na l ly present i n  t h e  coal . These 
i ncl ude u ran i um ,  thor i um ,  and rad i um .  Examp l es of radi onuc l i des found in  coa l ash  from a number 
of representa t i ve l ocations  are g i ven i n  Tab l e  E . 1 5 .  

The preva l en t  me thod fo r d i spos i ng o f  fly ash  i s  by wet s l u i c i ng from the e l ec trostati c preC l p l 
ta tors o r  fabric  f i l te rs to on s i te ash ponds . The water req u i remen ts fo r t h i s  o peration  range 
from 5 ,000 to 1 65 ,000 l i ters pe r metr i c  ton ( L /MT ) ( 1 200 to 4 0 , 000 gal / ton ) of ash ( Frasc i no and 
Va i l  1 976 ) . The pond may be l i ned with an i mpermeabl e substance ( e . g . , cl ay )  to retard seepage . 
The ash  i s  a l l owed to settl e out and i n  many cases the effl uent i s  d i scharged d i rectly i nto 
natu ra l  s urface wate rs .  Bottom ash  may be combi ned wi th f ly  ash  or d i sposed of sepa rate l y .  
Where FGD i s  empl oyed , ash  i s  often m i xed wi th sc rubber s l udge after i t  h a s  been treated . Afte r 
evapora t i on has occu rred , these ash  ponds are covered over wi th so i l  o r  excavated and the mate r i a l  
truc ked t o  a sani tary l andfi l l . Where fea s i bl e ,  stri p or deep m i nes may b e  used t o  d i s pose of 
th i s  mate ri a l  ( Dvora k  et a l . 1 978) . 

Scrubber s l udge i s  the wa ste mate r i a l  gene rated by throwaway FGD me thods . The quant i ty of 
s l udge produced depends on the s u l fur  content of the fuel and the amount of coa l burne d .  S l udge 
cons i sts ma i n l y  of cal c i um carbona te ( CaC0 3 ) ,  ca l c i um su l f i te ( CaS0 3 ' 2H 20 ) , and cal c i um su l fate 
( CaS0 4 ' 2H20 ) , wi th traces of ca l c i um hydroxi de [Ca ( OH ) 2 ]  ( Cooper 1 975 ) .  Some trace el ements 
from the fl ue gas may a 1 so be present . The proportion  of so 1 i ds and water in the 5 1  udges can 
vary from 30 to 70 percen t  by we i g h t ,  dependi ng on the process used i n  dewateri ng  th i s  mate ri a l . 
The sl udges are th i xotrop ic  ( i  . e . ,  become fl u i d  when d i s turbed , and set to a gel when a l l owed to 
s tand ) ,  and for th i s  reason are o ften treated wi th a f ixat ive  befo re u l t imate d i sposal  ( Dvora k  
et a l . 1 97 7 ) . 
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Tabl �  E. 1 3 . Major Chemi cal  Const ituents of 
Coal Ash 

Consti tuents Range ( % ) 
S i l i ca ( Si 02 )  20-60 
Al umina  ( A1 20 3 ) 1 0-35 
Ferri c oxi de ( Fe 20 3 ) 5-35  
Ca l c i um oxi de ( CaO )  1 -20 
Magnes i um oxi de ( MgO )  0 . 25-4 
Ti tan i um d i ox i de ( T i 02 ) 0 . 5-2 . 5  
Potass i um ox ide ( K20 )  1 . 0-4 . 0  
Sodi um oxi de ( Na 20 )  0 . 4- 1 . 5  
Su l fur tri ox i de ( S0 3 ) 0 . 1 - 1 2  
Carbon ( C )  0 . 1 -20 

From Dvorak et a l . ( 1 977 ) . Data from Hecht 
and Duva l l ( 1 975 ) . 

Tab l e  E .  1 4 .  Trace-El ement Consti tuents of Coa l and Coa l Ash 

E l ement 

An timony 
Arsen i c  
Bari um 
Beryl l i um 
Boron 
Cadmi um 
Chrom i um 
Copper 
Fl uorine 
Germa n i um 
Lead 
Manganese 
Mercury 
Mol ybdenum 
Ni ckel  
Se l en i um 
Vanad i um 
Z i nc 

Coal ( ppm ) 

. 08 

. 87 
440 .  

. 29 
37 . 7  

. 1 1  
1 . 8 
5 . 2  

78 . 5  
. 48 
. 1 5  

2 6 . 2  
. 1 3 1 
. 87 

3 . 67 
. 98 

< 1 3 . 
1 6 . 2  

Bottom ash  ( ppm ) 

< 1 . 0 
4 . 4  

5600 . 
. 40 

83 . 2  
1 . 1 

1 5 . 6  
68.  
44 . 6  
< . 1  

1 . 0 
56 . 7  
< . 0 1 0  

3 . 2  
1 4 . 5  

. 1 4  
< 1 00 .  

< 8 . 0  

Prec i p i tator ash  ( ppm ) 

4 . 4  
6 l . 

1 5 , 000 . 
5 . 2  

1 040 . 
4 . 2  
8 . 9  

238 . 
2880 . 

9 . 2  
4 . 0  

374 . 
< . 0 1 0 
1 2 .  
92 . 9  
1 6 . 4  

< 1 00 .  
386 . 

From Dvorak et a l . ( 1 977 ) . Data from Hol l and et a l . ( 1 975 ) . Data are for 
a parti c u l a r  batch of coal and are not necessari l y  representative of a l l  
coal . Su l fur content of the coal ( 4% ) i nd i cates use  of Eastern coal . 
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Tabl e E . 1 5 .  Radi oacti v i  ty i n  Fly As h from Coal Combustion 

Sou rce o f  coal  samp l e  Ra-226 Ra-228 Th-228 Th-232 

Appal ach i aa 3 . 8  2 . 4  2 . 6  No ana l ys i s  
Utah 1 . 3 0 . 8  1 . 0 No analys i s  
Wyoming  No ana l ys i s  1 . 3 1 . 6 No analys i s  
Al abama 2 . 3  2 . 2  2 . 3  No analys i s  
U n i denti f ied power p l an t  4 . 3  2 . 9  2 . 9  2 . 9  
Hartsv i l l e powe r pl antb 2 . 3  3 . 1  No ana lys i s  3 . 1  
Co l bert power pl antC 3 . 1  6 . 9  1 . 6d 6 . 9d 

Wi dows Creek powe r p l ant  1 . 6  2 . 7  2 . 8  2 . 7  

From Dvora k  e t  a l  . ( 1 978 )  . Adapted from McBri de et a 1 . ( 1 97 7 )  . 
aAverage va l ues for samp l es o f  f l y  ash  obta i ned from combust ion  of 6 sampl es of sem i b i tum i nous  

coa l from Appal a c h i a n  mi nes . 
bAverage va l ues for Ra -226 and Th-232 i n  5 samp l es of f ly  ash ; Ra-228 assumed i n  secu l ar 

equ i l i bri um w i th Th-232 . 
CAverage of 1 2  samp l es ; Ra-228 assumed i n  secu l a r  equ i l i br i um wi th Th-232 . 
dOne of these n umbers appears to be i n  erro r .  I n  sec u l a r  equ i l i bri um ,  the act i v i t i es of  

Th-228 and Th-232  shou l d  be the  same . 

Scrubber s l udge , whether d i s posed o f  separately or w i th other waste materi al s ,  must fi rst be 
aera ted  and  the ca l c i um su l fate preci p i tated . The sol i ds are ta pped off to a c l ar if ier where 
furthe r settl i n g  occurs and the materia l  i s  then ready for m i x i ng w i th ash  o r  pumping  to a 
settl i ng pon d .  I t  may b e  l eft i n  the ponds permanent l y ,  al l owed to dry and trucked to a l andfi l l . 
or comb i ned  wi th a s h  and covered  wi th e arth at an ons i te or offs i te l ocation ( Dvorak et a l . 
1 9 78 ) .  F i g u re E . 1 6  i s  a fl ow d i agram of the potent ia l  d i s posal  methods for ash  and s l udge waste 
materi a l s .  

E . 2 . 6  Heal th E ffects 

The del eteri ous heal th e ffects whi ch can res u l t  from coal use  ta ke the form of morbi d i ty and 
mortal i ty in the occupat i onal  and general popu l at ion s .  I t  s hou l d  b e  noted tha t al though many of 
the a i r  pol l utan ts generated in the coal fuel cycl e  a re a l so produced by other sources such as 
i n ternal combusti on eng i nes , i ndustri a l  proces s e s ,  etc . ,  the effects of the pol l utants on human 
hea l th wi l l  be d i s cus sed i n  th i s  assessment on l y  as they perta i n  to coal producti on .  

Occupati onal morb i di t ies  and morta l i ti es can occur a s  the resul t o f  respi ratory d i seases and 
"on -the-job" acci denta l i nj uri es . These can be quanti f i ed via presently ava i l ab l e  occupation
rel ated v i ta l  stati sti cs . Publ i c  heal th i mpacts may res u l t  from transportation acc i dents as 
wel l a s  e ffl uents reach i ng a i r  and wate r .  I ncreased morta l i ty from respi ratory d i seases can 
resu l t  from i ncreased a i r pol l uti on . Decrements i n  potab le  water qua l i ty are known to i nfl uence 
the i n c i dence of i n fecti ous d i seases and pos s i b l y  non - i n fectious  di seases as wel l  ( Kuzma et  a l . 
1 9 7 7 ;  Page e t  al . 1 9 76 ; USEPA 1 9 76 ) .  

In  thi s d i s cuss i on the coal fuel cyc l e  has been d i v i ded  i n to f ive broad component a rea s :  extrac
t i on , c l ean i ng ,  transporta t i on , combust ion , and d i s posal . Each step in the cyc l e  ha s i ts own 
comp l emen t of i nj u r i es and d i seases . Accord i n g l y ,  each s tep i s  di scussed separate l y  and d i s 
ti nctions  a re made between the occupat i onal  a n d  publ i c  h ea l th ri sks . The incremental heal th 
i mpacts of each component wi l l  a l so be eval uated for thei r  contri but i on to the overa l l  coal fue l  
impact on human heal th . 

E . 2 . 6 . 1  Extraction  

The greate s t  poten t ia l  for h uman hea l th impact is  genera l ly . from the  extract i on component of the  
fuel  cycl e .  I n  unde rg round m i n i ng , l a rg e  worker popul ation s  a re exposed to substant i a l  phys ical  
hazard during the course  of da i l y  acti v i ti es ,  w i th resul tant  i nj ury rates wh i c h  a re h i gher than 
those found in mos t  other i ndustri e s .  The debi l i tati ng effects of the mine  envi ronment may 
continue  even after d i rect expos ure cease s ,  as e v i denced by the l arge number of ex-miners s uf-
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feri ng from respi ratory di seases after l ong-term exposure to mine cond i t i ons  (Morgan 1 975 ) .  
Though conti nued mechani zati on o f  underground mi n i ng can reduce the hazards  of the extracti on 
process ,  the i ncreased demand projected for future coal production may offset the potential  
reducti ons in  heal th impacts for coal  extraction . The i ntroduction of l arge-sca l e  surface 
mi n ing operations  has al so miti gated extraction i nfl uences on heal th to a l a rge de�ree . Thi s  
techni que has an inj ury rate l es s  than one-quarter o f  that for underg round mi n i n g  ( Counc i l  on 
Envi ronmen ta l  Qual i ty 1 973 ) . Addi tiona l l y ,  the preval ence of l un g  d i sease i s  substanti a l l y  
reduced among surface mi ners . 

The known publ i c  heal th effects of coal mi n i ng are l im ited . However,  i t  i s  pos s i bl e  to con
jecture potenti al  hazards resu l ti n g  from su rface acti v i ties associated wi th extraction . Non
mi ner res i dents of coa l -mi n i ng communi ties experience i ncreased rates of respi ratory di sease 
(Dvorak  et a l . 1 977 ) . Th i s  d i sease rate is i ndependent of c i garette smok i n g .  Mine drai nage can 
adversely affect water qual i ty ,  pos i ng a potential  heal th hazard , pa rt icul arly where drink i ng  
water i s  s uppl i ed by  pri vate wel l s .  I ncreased coal production may have the effect of  i ncreas i ng  
env i ronmental contami nan ts whi l e  s imul taneous ly  requ i ri n g  exposure of  l a rger popul ations i n  
support o f  the en larged extraction acti v i ties . 

E . 2 . 6 . 2  Cl ean i ng 

The quantity of coa l which i s  c l eaned represents hal f the annual U . S .  coal production ( U . S .  
Bureau o f  M ines 1 975B ) .  Accord ing ly ,  the occupational i njuries associated wi th c l eaning  mus t  be 
factored i nto the overal l heal th impacts of the coal fuel cyc l e .  

The publ i c  heal th impacts o f  coa l c l eaning  are minimal . Proper impoundment and treatment of 
water and d i sposal o f  was tes  protects water qual i ty .  Fa i l ure to  do  so can  degrade the qual i ty 
of nearby pub l i c  water suppl ies . 

E . 2 . 6 . 3  Transportati on 

The major publ i c  heal th hazard from coal trans portation al so assumes the form of acc i denta l  
i njury .  The  ri s k  a ssoci ated w i th th i s  hazard can be  rel a ted to  the quanti ty sh ipped mul t i pl ied 
by the d i s tance over which it  is  transported . The popul ation at ri s k  can be d i v i ded between 
pedestrians on the rai l road ri gh t-of-way ( trespassers ) and veh i c l e  occupants injured in col 
l i s i ons  at rai l  cross ings  or wi th coal -handl i ng truck s .  A poten tial  publ i c  heal th hazard a l so 
may be posed to persons who l i ve or  work i n  prox imi ty to coal transport route s .  Exposure to 
fugi t i ve dust  (estimated to be approxi mately  1 percent of the total coal trans ported ) can aggra
vate pre-exi st ing  d i sease s tates  or cou l d  adversely i nfl uence suscepti bl e  i ndi v i dual s (Buehri ng  
1 975 ) .  

E . 2 . 6 . 4  Combustion 

I n  add i t i on to the typ i cal  occurrences o f  acci dental  i nj u ries  duri ng coal combust ing , exposure 
to coa l dus t  i n  the work p l ace may res ul t  i n  i nc reased rates o f  respi ratory di seases and condi 
t ions i n  the combustion faci l i ty work force. Combus tion proces s  rel eases can i nduce serious 
adverse effects on human heal th (Commi s s i on on Natural Resources 1 975 ) .  The body ' s response to 
these impacts may di ffer according  to the age and condi tion of the v ict im ,  the nature of the 
noxi ous agent ,  and the duration of exposure .  The cl i n i cal  man i festation s  typi cal l y  observed 
among persons exposed to a i rborne pol l utants deri ved from coal combustion i nvol ve pul monary 
di sorders ( Hub  et al . 1 9 77 ) . 

I nfl ammation of the pu lmonary ti ssue and the general deb i l i ty produced by toxi c  effects make 
both the upper and l ower res pi ratory tracts more subject to i n fection . Thus , the i nc idence of  
col ds , i nfl uenza , pneumonia , and  ac ute pul monary d i seases tends to  be e l evated i n  exposed popu
l ations ( He imann 1 96 7 ) . Acu te a sthma attacks can be induced in suscepti bl e persons by resp i red 
i rri tants , and the severi ty o f  an attack , whether pol l utant- induced or not ,  can be markedly 
i ncreased by the synerg i st ic  rel ationsh i ps found between the body ' s  res ponse to h i stamines 
( rel eased in  the i n i tia l  phase o f  an asthma attack )  and prior  exposure to other i rri tants . 
C l i n i cal experience and epi demi ol ogic  data both su pport the fi nding  that attacks o f  asthma i n  
chi l dren and adul ts are associated w i th acute epi sodes o f  a i r  pol l ut ion exposure as  wel l  a s  
respi ratory i n fecti on (Green 1 9 76 ) .  

Earl y i nfl amma tory responses have been shown to l ead to the devel opment o f  obstructi ve l ung  
d i sease after prol onged exposure to  i rri tan t parti c l e s .  A person al ready i n  poor heal th from a 
condi t i on such as  chroni c  res p i ratory or cardi ovascul ar di sease , whether ori g i nal l y  caused by 
the pol l utants i n  questi on or  not , i s  at much h i g her ri sk  o f  sufferi ng  an acute or fatal epi sode 
when exposed to a i rborne i rri tan t ,  as demonstrated in the c l a s s i c  a i r  pol l ution epi sodes of 
Donnora , Pa . , in 1 948 and London , U . K. , in 1 952 (Wi l l i amson 1 973 ) . Prol onged exposure to 
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i rri tan ts and tox i n s  has been shown to l ead to i rrevers i bl e  damage  to l ung  t i s s u e .  Emphysema 
and chron i c  bronchi t i s  have been s hown to deve l op i n  a vari ety of experimental an imal s exposed 
to l ow l evel s of common pol l utan ts .  ( These a re a l so characteri s t i c  effects of chron i c  pul monary 
i nj u ry seen , for examp l e ,  after prol onged use of tobacco . )  

E . 2 . 6 . 5  Waste D i s posal  

The publ i c  heal th ri s k  of the final  phase of the coal  fuel  cyc l e ,  waste d i sposa l , has two parts . 
They a re the heal th r i s k s  from decreased water qua l i ty ,  wh i ch can resul t from ash pond overfl ow 
or ash p i l e  runoff , and the publ i c  acci dent ri s k  associ ated wi th transportation  of combustion 
was tes to the d i sposal s i te .  Transport of combustion wastes presents a recogn i zabl e publ i c  
acci den tal i njury ri s k .  The nature of thi s ri s k  i s  s i mi l ar to that for fuel hau l i ng .  

Occupational i njury res u l ti n g  from combusti on was te di sposal  acti v i ti es i s  s im i l ar to that of 
sand and g ravel quarry operati ons , i nc l udi ng the pos s i b i l i ty for trans portation-re l a ted i nj uri es . 
On l y  a fraction of the ori g i na l  mass  and vol ume i s  handl ed through di s posal . Occupat i onal  
i n j ury rates from materi a l s  handl i ng s hou l d  refl ect this  reduced transportat i on req u i rement .  

E . 3  SOCI OECONOMIC  CONS I DERAT I ONS OF COAL USE 

Coa l convers ion  a ffects the coa l i ndustry in three ways . F i rs t ,  i ncreased demand for coal l eads 
to expans i on of exi st i ng mines  and open i ng of new ones . Second , i ncreased demand for coal tends 
to ma i nta i n  and s tab i l i ze l ocal  busi nesses and acti v i t i es assoc i a ted wi th the ent i re coa l cycl e 
( i  . e .  m i n i ng , c l ean i ng ,  transportation ,  combus tion , and waste di sposal ) .  Howeve r ,  i ncreased 
production and s tabi l i zation  of some l ocal econom i c  acti v i ti es can produce soc i a l changes w i th i n  
parti cul ar coal reg i ons . Th i rd ,  coal production  may become the new economi c  base i n  i so l ated 
areas , wh ich  cou l d  l ead toward the urbani zation of previous ly  undevel oped areas . 

E . 3 . 1  Demography and Settl ement Pattern 

E . 3 . 1 . 1  Mi n i ng 

The pri mary i ss ues  affect i ng m i ne l ocat ions  are l and owners h i p ,  l ea s i ng agreements , and rec l ama
t i on procedure s .  These factors are of particu l ar importance in reg ions  where much of the l and 
i s  federa l l y  owned and reg u l a ted ( Federation  of Roc ky Mounta i n  States 1 975 ) . 

Once m i ne l ocations  have been determi ned and mi n i ng con tracts agreed upo n ,  other soci oeconom i c  
i ssues m u s t  be con s i dered . These i ssues rel ate d i rectl y a n d  i nd i rectly to t h e  l abor requ i rements 
for m i ne operati on . I n  reg ions  where popu l at ion den s i t i es are h i g h  and urban centers genera l l y  
are �; i t h i n  commut i ng di stance s ,  l arge i n-mi grations  to mi n i ng areas are not 1 i k el y .  However,  
in  smal l i sol ated commun i ti es rap i d  growth and chang i ng social  patterns can occ u r .  I ncreased 
m i n i ng requ i res  more i n-mi grant mi ners and settl ement  devel opments near m i ne s i tes . However ,  i n  
s p i te of  th i s  i nfl ux , shortages  i n  some mi n i ng and m i n i ng- i nduced occupations  can occur ( Hannah 
and Mos i er 1 97 7 ) . Ra p i d  popu l a t i on i ncreases can produce various  k i nds of soc i a l , econom i c ,  and 
pol i t i cal  impacts . 

E . 3 . 2  Soc i a l  I s sues  

Soc i a l  i ssues center on how i n -m i g rants affect ( 1 ) the  abi l i ty of l ocal rural commun i ti e s  to 
meet i ncreased soc i a l  servi ce demands and ( 2 )  the soci al system of the l ocal a rea ( U . S .  Department 
of the I nterior  1 9 74 ; Gol d  1 974 ) . 

Serv i ce demands that must be met i nc l ude school s ,  housi n g ,  san i tation , wate r ,  medical  care , and 
pol i ce and f i re protecti on . S i n ce i n -m i g rants br ing  w i th them new i deas , val ues , and behav ior  
patterns , the  soci ocul tural structure of the  l ocal commun i ty may be  affected i n  d � fferen t  ways . 
I n  some cases , the o l der ,  more tradi tional  order may col l apse and di sappear ,  partl cul arl y among 
popul ati on s  having a s i ngl e ethn i c  makeup , i . e . , I nd i an , H i span i c ,  etc . ( Lex i ng ton I ns ti tute for 
Mi n i ng and Mi neral Research 1 9 76 ; U . S .  Departmen t  of the I nterior 1 9 74 ) .  Consequentl y ,  there 
may be a permanent l os s  in the cul tural  di ve rs i ty of the l anguage , arts , l i festyl e ,  and fo l k l ore 
of a parti cul ar reg i on ( U . S .  Department of the I nterior  1 9 74 ) .  

Soc i a l  s tres s  comb i ned w i th i n su ffi c i ent  soc i a l  servi ces reduces the qual i ty of l i fe for o l d  
res i dents a n d  newcomers a l i ke ,  thereby i ncreas i n g  stre s s  i n  both popul ation s .  Soc i a l  p robl ems , 
s uc h  a s  i nc reased crime , s u i c i de attempts , a l cohol i sm ,  broken home s ,  over-demands on mental 
heal th fac i l i t i e s ,  e tc . ,  have been reported in rap i d ly  deve l op i n g  western boom towns ( Federation 
of Rocky Mountai n  S tates 1 9 75 ; Gi lmore and D uff 1 974 ; U . S .  Department of the I nterior 1 974 ) .  
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Boom towns are typi cal ly  smal l ,  rural towns that have undergone rap i d  popu l at i on i ncreases and 
deve l opmen t as soci ated w i th coal deve l opment that has a l ready occurred in the region  (G i l more 
and Duff 1 974 , 1 975 ; U . S .  Department of Hous i ng and Urban Devel opment 1 976 ) .  

E . 3 . 3  Economi c I s sues 

A major econom i c  i ssue in  the wes t  concerns  the effects that coa l deve l opment  wi l l  have on a 
trad i ti ona 1 economic base i n  whi  ch agri  cul  ture and tou r; sm are emphas i zed ,  i n  an are a  where 
m i n i n g  has l i ttl e h i stor i c  precedent and may i mpact resources of national  i n te re s t .  Th i s  factor 
i s  parti cu l arly i mportant  in an area where the trad i ti ona l agri cul tural base i s  c l osely t i ed to 
the soc i a l  structure ( U . S .  Department of the I nterior  1 974 ; U . S .  Comptrol l er Genera l 1 977 ) .  
I ntens i ve m i n i ng deve l opments  wi l l  produce econom i c  benefi ts for the reg i on and some conmu n i t i e s .  
Howeve r ,  benefi ts may n o t  be recei ved  by certa i n  cOlTlTlun i ti es wh i ch need the money to compen sate 
for fi scal spen d i n g  requ i red  to meet the i ncreased servi ce demands of the new wo rk force (G i l more 
1 9 76 ; U . S .  Comptro l l er Genera l 1 97 7 ) .  Furthermore , the econom i c  benefi ts that a commun i ty may 
rece i ve often beg i n  after the t i me when substantia l  capi tal must be invested  to improve the 
physi cal  servi ces (i . e . ,  sewage , wate r ,  school s ,  etc . ) .  I nfl at i on and cos t-of-l i vi ng i ncreases 
are al so a concern in rap i d l y  deve l op i ng a reas . For e xampl e ,  i ncreased l and  val ues , ren ts , 
hous i n g  probl ems , and  taxes were reported i n  the ethnog rap h l c  study of the coal boom town of 
Forsyth ( Go l d  1 974 ) . 

Another economi c i ssue  concerns those conmu n i t i e s  that have become h i g h l y  dependen t upon coal 
mi n i ng , such as those commun i ti e s  known from the Appal a c h i an area . Absence of a d i ve rs i fi ed 
economi c base l i nks the soc i a l , economi c ,  and pol i t i ca l  structure of i ts peopl e to the reg i ona l  
and nationa l  trends i n  th i s  i ndustry .  When  production demands dro p ,  e n t i re conmun i t ies  are not  
abl e to  qu i c kl y  readapt to  another source of economi c acti v i ty and  a re strong l y  affected by 
per i ods  of l owered produc t i on .  For exampl e ,  i n  the 1 9 50 ' s  and 1 960 ' s ,  the Appal ac h i an areas 
were characteri zed by l ow coal producti on , h i gh unempl oyment , and a corres pon d i n g  trend i n  
h i gher out-m i g ration  (Appal ach i an Reg i onal  COllln i s s i on 1 975 ) .  Large out-m i g rat ions  o f  th i s  type 
wi l l  have extens i ve soc i a l  and pol i ti ca l  con sequences at t he l ocal  fami l y ,  g roup , and commun i ty 
l eve l s .  

E . 3 . 4  Pol i t i cal l ss ue� 

Change in the pol i t i ca l  s tructure and exi sting  pol i t i ca l  establ i s hments i s  another i ssue ( U . S .  
Department o f  the I n terior 1 974 ) . The i n formal pol i ti ca l  systems o f  rural areas , which  are 
d i s t i ngu i s hed by personal i sm i n  deci s ion and pol i cyma k i n g , may formal i ze ( U . S .  Department  of the 
I n terior  1 974 ; Northern Great Pl a i n s  Res ource P rogram 1 974 ) .  Newcomers and nati onal bus i ness  
i n terests  may be abl e to  pol i t i ca l l y  dominate and  d i spl ace the  i nfl uence of  the l ocal  re s i dents 
and commun i ties  ( Federation of Rocky Mounta i n  States 1 97 5 ;  U . S .  Department of the I n terior 
1 974 ) . 

RE FERENC ES 

t,be rnathy , R. F . , and F .  H .  Gi bson . 1 96 3 .  Rare e l ements in coal . U . S .  Bur .  Mi nes I n f .  C i rc .  
8 1 6 3 .  69 p p .  

Abernathy . R .  F . , M .  J .  Pe terson , a n d  F .  H .  Gi bson . 1 969 . Spectrochemi cal analyses of coa l a s h  
�)r trace e l ements . U . S .  Bur .  Mi nes Rep .  I nvest.  7281 . 3 0  p p .  

Ameri carl Soc i ety for Te s t i ng a n d  Materi a l s .  1 97 7 .  S tandard S pe c i fi cati on for C l as s i f i cat ion of 
Coa l s  by Ran k .  ANS I/ASTM D388-77 . pp. 1 -5 .  

Anonymous . 1 9 74a . U s i n g  wa terways to s h i p  coal . Coal Age 79 ( 7 )  : 1 22 ·· 1 28 .  

Anonymous . 1 9 74 b . Overl and bel t conveyors . Coal Age 7 9 ( 7 ) : 89 -98 . 

Anon�nous . 1 9 75a . Rai l tran s port domi nate s .  Coa l Age 80 ( 6 ) : 98 - 1 1 2 .  

Anonymous . 1 976 . Coal  Week , J u l y  26 , 1 97 6 .  [As ci ted  i n  Dvora k et a l . ( 1 9 7 7 ) . ]  

Anonymous . 1 977 . Economi cs a pl us  for coal  s l urry p i pe l i ne s .  Chem.  Eng . News 55 ( 26 ) : 20-2 1 . 

Anonymous . 1 978 . A s l urry l i ne for the east? Coa l Outl ook , February 1 3 ,  1 978 . 

Appal ach i an Regi onal Corrmi s s i o n .  1 97 5 .  Annua l Report of the Appa l ac h i an Reg i onal  Commi s s i o n .  



E-35 

Arkl e ,  T . , Jr . , J .  A .  Barl ow , C .  W .  Lotz , and C .  J .  Smi th .  1 97 5 .  Descri pti on of seams : West  
V i rg i n i a , p p .  641 -656 . I n  Mi ning  I nformati onal Servi ce , 1 975 Key stone Coal I ndustry Manual . 
McGraw-Hi l l  Mi n i ng Pu bl i cati ons , New York . 

Armento , W .  J .  1 97 5 .  Effects of De s i gn and Operating  Var iab les on NOx from Coal -fi red Fur
naces --Phase I I .  EPA-650/2-74-002- b ;  PB 241 283 . Prepared by Babcock and Wi l cox  Co . for 
the U . S .  Envi ronmental Protecti on Agency , Office of Research and Deve l o pment .  

Aver itt ,  P .  1 97 3 .  Coa l , p p .  1 33- 143 .  In  D .  A. Brobst and W .  P .  Pratt (eds ) . , U n i ted State s  
Mi neral Resources . U . S .  Geol . Surv�Prof.  Pap .  820 .  

Averi tt ,  P .  1 975a . Coal , p p .  1 33-1 42 . I n  U . S .  Department o f  the Interior ,  Uni ted States 
Mi neral Resources , Geol . Surv .  Prof.l'ap .  820 . 

Averi tt , P .  1 975b . Coal resources o f  the Un i ted States , January 1 , 1 974 . U . S .  Geol . Surv .  
Bu l l .  1 41 2 .  1 31 p p .  

Babcock and Wi l cox Co . 1 97 2 .  Steam : I ts Generati on and Use , 38th ed . v .  ( vari ous pag i ngs ) .  

Bagge , C .  E .  1 9 7 7 .  Letter of May 1 2 ,  1 977 , from Carl E .  Bagge , Pres i dent of the Nat iona l  Coa l 
Assoc i ation , w/encl osures , to the Presi dent of the Uni ted States . 

Baruch , S .  B .  1 976 . Trends i n  Pol l ut ion Control  a t  Coal -Burn ing  Power P l ant .  Paper presented 
at  the Ameri can Power Con ference , Chi cago , Apri l 20-22 , 1 97 6 .  

Brown , R .  A . , H .  B .  Mason , and R .  J .  Schrei ber . 1 974 . Systems Analysi s Requi rements for 
N i trogen Oxide Control of Stationary Sources . EPA-650/2-74-091 ; PB 237367 . Prepared by 
Aerotherm Acurex Corp . for the U . S .  Envi ronmental Protection  Agency , Office of Research 
and Devel opment .  

Buehri ng , W .  A .  1 975 . A Model of Envi ronmental I mpacts from E l ectri cal Generati on i n  Wi scon
s i n .  PhD Thes i s .  U n i vers i ty of  Wi scons i n-Madi son . 

Caval l aro , J .  A . , M . T .  Johnston , and A .  W .  Deurbrouc k .  1 976 . Sul fur reduct ion potentia l  of  the 
coal s of the U n i ted State s .  U . S .  Bur . M i nes  Rep .  I nves t .  81 1 8 .  323 pp . .  

Cal ver , J .  L .  1 975 . Descri ption o f  seams : V i rg i n i a  ( revi sed ) , pp .  629-633 .  I n  Mi n i ng I nfor
mati onal Services , 1 975 Keystone Coal I ndustry Manual . McGraw-Hi l l  M in ingl'ubl i cati ons , 
New York . 

Carl son , C .  G .  1 9 7 7 .  Descripti on o f  seams : North Da kota , pp .  642-644. I n  M in ing  I nformati onal 
Servi ces ,  1 977  Keystone Coa l I ndustry Manual . McGraw-Hi l l  M i n i ng Publlcati on s ,  New York . 

Commerce Techn i cal Adv i sory Board Panel on Sul fur Ox ide Control Technol ogy . 1 97 5 .  Report on 
Sul fur Ox ide Control Technol ogy . Prepared for the U . S .  Department of  Commerce , Wash i ng ton , 
D. C .  

Commi s s i on o n  Natural Re sources , Nati onal Academy o f  Sci ences . 1 975 . Ai r Qual i ty and S tationary 
Source Emi s s i ons Control . Nat .  Acad.  Sci . ,  Nat.  Acad. Eng . Nat .  Res . Prepared for Comm. 
on Publ i c  Works , U . S .  Senate , Seri a l  No . 94-4.  

Cooper , F .  D .  1 974 .  Coke and Coke Chem i cal s ,  pp.  439-47 1 . In 1 974 Minera l s  Yearbook .  U . S .  
Bu reau o f  Mi nes . 

Cooper , H .  B .  1 97 5 .  The u l t imate di sposal o f  ash  and other sol i ds from el ectric power genera
ti on ,  p p .  1 83 - 1 95 . In E .  I .  G l oyna , N .  H .  Woodson , and N .  R. Drew ( eds . ) ,  Water Management 
by the E l ectr ic  Power-I ndustry . Water Resources Sympos i um No . 8 ,  Center for Research i n  
Water Resources ,  Uni vers i ty of Texas a t  Austi n .  

Counci l on Envi ronmental Qua l i ty .  1 97 3 .  Energy and the Env i ronment :  E l ectri c Power . p .  43 , 
Footnote 20 . 

Crawford , . . et a l . 1 97 6 .  NOx emi ss i on control for coal -fi red uti l i ty boi l ers . Paper 
p resented at  the Ameri can Power Conference , Chi cago , Apri l 20-22 , 1 976 .  

Dan i el , T .  W .  1 97 7 .  Descri ption of Seams : Al abama , pp .  521 -566 . � Mi n i ng I nfo rmati ona l 
Serv ices , 1 977  Keystone Coal I ndustry Manua l .  McGraw-Hi l l  Mi n i ng Pub l i cat ion s ,  New York.  

Doyl e ,  W .  S .  1 976 . Stri p M in ing  o f  Coal - -Envi ronmental Sol uti ons . Noyes Data Corporation .  
Park Ri dge , N .  J .  352 p p .  



E-36 

Dvora k ,  A.  J . , e t  a l . 1 977 . The Envi ronmental E ffects of  U s i ng Coa l for Genera ti ng E l ectri c i ty .  
NUREG-0252 .  P repared by Argonne Nat iona l  Laboratory for the U . S .  Nuc l ear Regu l atory Com
m i s s i on .  221 p p .  

Dvora k , A .  J . , e t  a l . 1 978 . Ecol og ica l  I mp l i cat ions of the Use of Coa l i n  E l ectr i c  Power Gen
e ra t i on P l ants . Prepared by Argonne Nati onal Laboratory for the U . S .  Departmen t  of the 
I nteri o r ,  F i sh and W i l d l i fe Se rvi c e .  ( Draft report . )  

Dvora k , A .  J . , and E .  D .  Pentecost e t  a l . 1 97 7 .  
E ffects o f  Powe r  Genera t i on i n  t h e  Mi dwest .  
Laboratory ,  Argonne , I l l .  ( Dra ft report . )  

Assessment of the Hea l th and Envi ronmental 
Vol . I I ,  Ecol og i ca l  E ffects . Argonne Nati ona l 

Edmunds ,  W .  E .  1 975 . Des cri pt ion  of seams : Pennsy l van i a ,  pp . 604-6 1 5 .  l!! Mi n i ng I n formati onal 
Servi ces , 1 975 Keys tone Coal  I ndus try Manua l .  McGraw-H i l l  Mi n i ng P ub l i cati ons , New York . 

Federa t i on o f  Rocky Mounta i n  S ta tes , I nc .  1 97 5 .  Energy Deve l opment i n  the Rocky Moun ta i n  
Reg i on : Goa l s and Concerns . Den ver. 

Federoff ,  D .  R .  1 974 . Coa l - -Pennsyl va n i a  anthrac i te ,  p p .  407-4 1 5 .  I n  U . S .  Bureau of  Mi nes 
( 1 974) . Mi nera l s  Yearboo k .  

Fra s c i n o ,  P .  J . , and D .  L .  Va i l .  1 9 76 . Ut i l i ty a s h  d i sposa l : s ta te of  the a r t ,  pp . 345 -368 . 
l!! Ash Uti l i za t i on . P roceedi ngs o f  the Fourth I nternat iona l  Ash Uti l i za t i on Sympos i um ,  S t .  
Loui s ,  Mo . ,  Ma rch 24-25 . MERC/SP-76/4 . U . S .  Energy Research  and Deve l opment Admi n i stra 
t i on , Morgantown Energy Research Cente r ,  Morgan town , W .  Va . 

Gi l more , J .  S .  1 976 . Boom Towns May H i nder Energy Resource Deve l opmen t .  S c i ence 1 9 l : 5 36�40 . 

Gi l more , J .  S . , and M .  K .  Duff .  1 974.  The  Sweetwa ter Coun ty Boom : A Cha l l enge to  Growth 
Managemen t .  U n i vers i ty o f  Denver Resea rch , Denve r .  

G i l more , J .  S . , a n d  M .  K .  Duff .  1 975 . Boom Town Growth Managemen t :  A Case  Study of  Rock  
Spr ings -Green R i ve r .  Wyomi ng , Wes tv i ew P ress , Bou l de r ,  Co l orado .  

G l a s s , G .  B .  1 975 . Desc ri pti on o f  seams : Wyomi ng , p p .  657-669 .  I n  M i n i ng I n forma t i onal 
Serv i ces , 1 975 Keys tone Coal I n dustry Manual . McGraw-H i l l  Mi n i ng P ub l i ca t i on s ,  New York . 

Gol d ,  R .  1 974 . Soc i a l  Impacts o f  S h i p  Mi n i n g  and Other I ndustri a l i zati on s  of Coal  Resources . 
I n  Dan i e l  Carl son ( gen . e d . ) ,  S oc i a l  Impact Asses smen t ,  ERDA 5 ,  Vol . 2 .  C .  D .  Wo l f  ( ed . ) ,  
Envi ronmental Des i g n  Research Assoc . 

Graves , T .  B .  1 974 . Impact of the ra i l road i ndu stry on m i n i ng .  M i n .  Congr .  J .  60 ( 1 1 ) : 22 -25 . 

Gray , W .  S . , and P .  F .  Mason . 1 97 5 .  S l urry p i pe l ines : what the coa l man s hou <l d  know i n  the 
p l anning  stage . Coa l Age 80 ( 9 ) : 58-62 . 

Green , G .  t� . 1 976 . Ai r po l l ut i on , host i mmune d i seases , and as thma ; a rev iew ,  pp . 1 47- 1 63 .  I n  
A .  J .  F i nkel  and W .  C .  Duel  ( eds . ) ,  C l i n i c a l  I mp l i ca t i ons o f  Ai r Po l l ut ion  Resea rch . 
P ub l i s h i ng Sc i ences Group , I nc . ,  Acton , Mas s .  

Hanna h , R . , and R .  K .  Mos i er .  1 977 . An Exam inat ion o f  Occupa t i ona l  Bottl enecks  i n  the Con
s truc ti on , Fuel i ng , and Opera t i on of  Coa l -F i red Power P l ants . Human Resources I nst i tute , 
Un i v .  o f  U ta h . 

Hecht , N .  L . , and D .  S .  Duval l .  1 975 . Characte ri za t i on and Uti l i za t i on of Mun i c i pa l  and 
U ti l i ty S l udges and Ashes . Vo l .  I I I ,  U ti l i ty Coa l As h .  EF'A-670/2 - 75 -033C . U . S .  Env i ron
mental P rotection Agency , N a t i ona l Env i ronmenta l  Research Cen te r ,  Offi ce of  Research  and  
Deve l opment , C i n c i nnati , Oh i o .  65 pp .  

He imann , H .  1 96 7 .  S tatus o f  a i r  po l l u t i on heal th researc h ,  1 96 6 .  Arc h .  Envi ro n .  Hea l th 
1 4 : 488-503 . 

H i ttman As soc i a tes . 1 976 . Underground Coal M i n i ng : An Assessment of Techno l ogy . AF- 2 l 9  
( Researc h  P roject 284- 1 ) .  P repared for E l ectri c Power Research I nst i tute , Pa l o  A l to ,  
Ca l i forn i a ,  i n  a ssoc i at i on wi th Pennsy l van ia  State Un i vers i ty and George Was h i ng ton Un i ver
s i ty .  (As c i ted i n  Dvora k  e t  a l . [ 1 977J . )  

Hol l and , W .  F . , K .  A .  W i l de ,  J .  L .  Parr ,  P .  S .  L owel l ,  and R .  F .  Poh l e r .  1 975 . The Env i ron
menta l E ffects of  Trace E l ements in  the Pond Di sposa l o f  Ash and Fl ue Gas Des u l furi zati on 
S l udge .  Re search  P roject 202 , F i na l  Re port . P repared by Radi a n  Corpora t i on , Austi n ,  
Texa s , fo r the E l ectri c Power Research I nst i tute , Pa l o Al to , Cal i f .  49 p p .  and App . 



E-37 

H u b , K . , et a l . 1 97 7 .  Draft of  An Assessment of the Hea l th and Envi ronmental Impacts of Fl u i d i zed
bed Combustion  of  Coal  as Appl i ed to E l ectri ca l  Ut i l i ty Sys tems . Argonne Nati onal  Laboratory ,  
Argonne , I l l .  

Kl e i n ,  D .  H . , A .  W .  Andren , and N .  E .  Bo l ten . 1 975a . Trace e l ement d i scharges from coal  com
b u s t i on for power product i on . Ai r Water Soi l Po l l ut .  5 : 7 1 -77 . 

K l e i n ,  D .  H . , et a l . 1 9 75b . P a thways of thi rty- seven trace el ements through  a coal -fi t'ed power 
p l an t .  Envi ron . S c i . Technol . 9 ( 1 0 ) : 973-979 , 

Kottl ows k i , F .  E .  1 975 . Descri pti on of seams : New Mexi c o ,  p p .  585-593 .  I n  Mi n i ng I n formational  
Servi ces , 1 975 Keystone Coal I ndustry Man ua l . McGraw-h i l ! Mi n i ng PublTcati ons , New York .  

Krohm , G .  C . , and C .  D .  Dux .  1 977 . The P r i ce and Ava i l ab i l  i tv of Low-Su l fur Coal i n  Eas tern 
Markets . Argonne Nat iona l  Labora tory , Argonne , I l l . 48 pp .  

Kuzma , R .  L . , C .  M .  Ku zma , and C .  R .  Buncher .  1 977 . O h i o  dri n k i ng water source and cancer 
rate s .  Am . J .  P u bl i c  Hea l th 67 : 725-729 . 

Laki n ,  H .  W .  1 97 3 .  Se l en i um i n  our en v i ronment , pp . 96- 1 1 1 . I n  R .  F .  Gou l d ( ed . ) ,  Trace 
E l ements in the E n v i ronment ,  Adv .  Chern . Ser . 1 2 3 .  Ameri canChemica l  Soci ety ,  �Jas h i ngton , 
D . C .  

Lang , R .  1 9 7 1 . Rec l amati on o f  S tri p M i ne S poi l Ban ks  i n  Wyom i n g .  Res .  J .  5 1 . Agri c .  Exp .  
S ta . , U n i v .  of  Wyomi ng , La rami e .  (As c i ted i n  Doy l e  [1 976] . )  

Leonard , J .  W .  1 9 77 . Eva l uati n g  coki ng coal s ,  p p .  520-52 2 .  I n  M i n i ng I n formati onal  Servi ces , 
1 977 Keystone Coal  I n d ustry �1an ua l . McGraw-H i l l  M i n i ng PUbl i ca t i on s , New York .  

Lewi s ,  L .  R . , and R .  C .  Stupka . 1 97 7 .  Western Coa l  S h i pmen t on  the Great Lakes : Background 
and Researc h Needs . Techni cal Memorandum .  Argonne Nati onal  Laboratory , Argonne , I l i .  
5 0  p p .  ( Draft report . )  

Lexi n g ton I n sti t ute for Mi n i ng and Mi nera l s Research . 1 976 . Soci a l , Economi c and  Env i ronmental  
Impacts of  Coa l  Gas i f i cati on and L i quefaction  P l an ts . 

Loc k l i n ,  D .  W . , et a 1 . 1 974 . Power P l ant  U ti l i zati on of Coal . Batte l l e  Col umb u s  Laboratories . 

Luthe r ,  E .  T .  1 975 . Descri pt ion  of seams : Tennessee ( rev i sed ) , p p .  61 6-61 9 .  � Mi n i ng I nfor
mat i onal  Servi ces , 1 975 Keystone Coa l I ndustry Man ua l . McGraw-H i l l  Mi n i ng Publ i cat i ons , 
New York . 

Matson , R .  E .  1 975 . Des cri pti on of seams : Montan a ,  p p .  577-584 . I n  Mi r, i n g  I nformationa l  
Servi ces , 1 975 Keystone Coal  I ndus try Manual . McGraw-Hi l l  t�i n i ng P u b l i cati ons , New YoY'k .  

McBr i de ,  J .  P . , R .  E .  r�oore , J .  P .  W i therspoon , and R .  E .  B l an co .  1 97 7 .  Rad i o l og i ca l  Impact of 
Ai rborne Effl uents of Coal -fi red and Nuc l ear Power P l ants . O RN L - 531 5 .  Oak  Ri dge Nati onal  
Laboratory , Oak  Ri dge , Ten n .  p p .  

t� i n i n g  I nformat ion a l  Servi ces . 1 977 . 1 977 Keystone Coal I ndustry Man ual . McGraw-H i l l  M i n i n g  
P u b l i cati ons , New Y o r k .  1 1 84 p p .  

Morgan , W .  K .  C .  1 9 75 . Respi ratory Di seases i n  Coal Mi ners . J .  Am . Med . Assoc . 23 1 ( 1 3 ) : 1 347-
1 348 . 

Nationa l  Coal Assoc i a t i on . 1 975 . Coa l Data . vJash i ngton , D . C .  1 46 p p .  

Natural  G a s  Task  Force S urvey . Undated . ( As c i ted i n  R ub i n  and Med i ne [ 1 97 7 ] . )  

Northern Great P l a i n s  Resource P rogram . 1 974 . Soci o-Econom i c  and Cu l tura l Aspects Work Group  
Report . De pt . of  Agri c u l ture , Was h i n g ton . 

Northern Great P l a i n s  Re source P rogram . 1 975 . Effects of Coal  Deve l opmen t  i n  the Northern 
Great P l a i n s - -A Rev i ew of Major I s s ues and Conseq uences at D i fferen t Rates of Devel opmen t .  
1 65 p p .  

Ottmer 's , D .  M . , J r . , P .  S .  Lowel l ,  and J .  G .  Nobl ett . 1 97 5 .  Energy and water  requ i rements for 
a i r  q u a l i ty contro l , p p .  3 58-370 . J�c L F .  G l oyna , H. H. Woodson , and H .  R. Drew ( eds . ) ,  
Water Management by the  E l ectr i c  Power Industry .  Water Resources Sympo s i um N o . 8 ,  Center 
for Research in vJater Resources , Un i vers i ty of Texas a t  Aust i n .  



E-38 

Page , T . , R. H .  Harri s ,  and S. S .  Epste i n .  1 976 . Dri n k i ng wa ter and cancer morta l i ty i n  
Lou i s i ana . S c i ence 1 93 : 55-57 . 

Papamarcos , J . , et a l . 1 9 77 . Cop i n g  w i th western fuel s .  Power E n g .  8 ( 1 ) : 34-43 . 

P i e rce , H .  W . , S .  B .  Ke i th ,  and J .  C .  Wi l t .  1 970 . Coa l , o i l , na tura l  gas ,  he l i um ,  and uran i um 
i n  Ari zona . Ari z .  Bur .  Mi nes Bu l l .  1 82 .  289 pp .  

Phel an , J .  H . , A .  A .  Re i s i ng e r ,  and  N .  H .  Wagne r .  1 976 . Des i gn and Opera t i on Experience wi th 
Baghouse Dust Col l ec tors for P u l ve r i zed Coal F i re Ut i l i ty Bo i l ers --Sunbury Stat ion , Hal twood 
Sta t i on . P a per  p resented at the Ameri can Power Confe rence , Ch i cago , Apr i l  20-22 , 1 976 . 

Rees , O .  W .  1 96 6 .  Chemi s try ,  uses , and l im i tations  of coal ana lyses . I l l .  State Geol . Surv .  
Re p .  I nvest .  220 . 55  pp .  

Ross , B .  A . , and P .  D .  Ma rt i n k a .  1 975 . Western coa l  tran s porta t i on - -a cha l l enge .  M i n .  Congr .  
J .  6 1  (4 ) : 40-45 . 

Rub i n ,  E .  S . , and E .  Med i n e .  1 9 77 . Coal  Ut i l  i zat ion i n  the Northeas t .  Vol  ume V I : Ind ustri a l  
Ene rgy Use . BNL-2360 1 . Center fo r Ana l ys i s  of Ene rgy Systems , E ne rgy Pol i cy Ana l ys i s  
D i v i s i on ,  Brookhaven Nati onal Labo ratory Associ ated Un i ve rs i t i e s , U pton , N .  Y .  

Ruch , R .  R . , H .  J .  G l uskote r ,  and E .  J .  Kennedy .  1 97 1 . Mercury content o f  I l l i n o i s  coa l s .  
I l l . State Geol . S u rv .  En v i ron . Geo l . Note No . 43 . 1 5  p p .  

Ruch , R .  R . , H .  J .  G l uskote r ,  a n d  N .  F .  S h imp .  1 9 74 . Occurrence a n d  d i s tr i b u t i on of poten
t i a l l y  vo l ati l e  trace e l ements in coa l . I l l .  S tate Geo l . S urv .  Env i ron . Geo l . Note No. 7 2 .  
9 6  pp . 

Schm i d t ,  R .  A .  1 9 75 . Cu rrent trends i n  coal prepara t i on . Coal M i n . P rocess . 1 2 ( 9 ) : 74-76 . (As c i ted i n  Dvorak e t  a l . [ 1 977J . ) 
S i mon , J .  A . , e t  a l . 1 975 . De scri ption  of seams : I l l i no i s , p p .  547-5 5 5 .  I n  M i n i n g  I n forma

t i ona l  Se rvi ces , 1 975 Keystone Coa l  I ndus try Man ua l . McGraw H i l l  Mi n i ng-Publ i cat ions , New 
York . 

Smi th , G .  E . , and P .  McGra i n .  1 975 . Descri pt i on of seams : Ken tucky ,  p p .  566-571 . I n  Mi n i ng 
I n format ional  Servi ces , 1 975 Keys tone Coal  I ndustry Man ua l . McGraw-Hi l l  Mi n i ng P ub l i ca
t i ons , New York . 

Snyder ,  N .  H . , and S .  J .  Aresco . 1 95 3 .  Anal yses of t i p p l e  and de l i ve red samp l es of coa l ( col 
l ec ted during  the years 1 948 to 1 950 ) . U . S .  Bur .  Mi nes Bu l l .  5 1 6 .  1 33 p p .  

Southern Research I n s t i tute . 1 975 . Su rvey of I nformati on on F i ne-Part i c l e  Con tro l . E PRI -259 . 
P repared  for the E l ectric  Power Re search  I n s ti tute . 

S tate of I l l i no i s .  1 9 75 . Surface-mi ned Land Conserva ti on and Rec l amati on Ac t .  PA78- 1 295 . 
E ffecti ve J u l y  1 ,  1 975 , Rul es and Reg u l at i ons effec t i ve February 6 , 1 976 . 

Swa nson , V .  E .  1 9 72 . Compos i t i on o f  Coal , Southweste rn Un i ted  S tates--Tab l e s  o f  Chemi cal  
Ana l yses . Extrac ted  from U . S .  Geol og ica l  S urvey Open-Fi l e  Report , Southwest Ene rgy S tudy , 
Report of the Coal  Resources Work Group , Append i x  J ,  Part I I .  6 1  pp . (mimeo ) . 

Swan son , V .  E . , and J .  H .  Medl i n  e t  a l . 1 976 .  Col l ec t i on , Ana l ys i s ,  and Eva l uation  of Coal 
Samp l es i n  1 9 75 . O pen-fi l e  Report 76-468 . U . S .  De partmen t  of  the I nte r i or , Geo l o g i cal  
S urvey.  ( Draft  report . ) (As c i ted in  McBr i de e t  a l . [ 1 977J . ) 

Thompson , D .  N . , and F .  J .  H u tn i c k .  1 971 . Envi ronmenta l  Characteri s t i cs Affec t i n g  Pl ant Growth 
on Deep-mi ned Coal  Re fuse Banks . Pennsyl van i a  S tate Un i vers i ty ,  Col l ege of Agri cu l ture ,  
S pec . Res .  P a p .  No . SR-88 , U n i vers i ty P ark , Penn . (As c i ted  i n  Dvo rak  et a l . [ 1 977J . J 

U . S .  B ureau of Mi nes . 1 975a . Mi nera l  facts and prob l ems . U . S .  B u r .  Mi nes B u l l .  667 . p p .  1 5- 1 7 .  

U . S .  B ureau of  Mi ne s .  1 975b . Mi nera l s Yearboo k 1 973 . Vol . 1 .  U . S .  Department of  the Interi o r .  
p p .  3 1 7-376 . 

U . S .  Bureau  of Mi nes . 1 9 76 . B u reau  of Mi nes Mi ne ra l s  Industl'y Survey . Wee k l y  Coal Report 
No . 3060 , Tab l e  1 0 . 

U . S .  Comptro l l e r  Genera l . 1 977 . Repo rt to the Cong ress : Coal Deve l opmen t--Promi ses , Uncerta i n
t i es . EMD- 77-43 . U . S .  Genera l Accoun ti ng Offi ce , Was h i ngton , D . C .  1 v .  ( various  pag i ng s J . 



E-39 

u . s .  Department of  Hou s i ng and U rban Devel opment .  1 97 6 .  Rap i d  Growth from Ene rgy P rojects . 

U . S .  Dept . of the I n ter ior .  1 974 . F ES ,  , P roposed Federa l Coal Lea s i ng P rog ram . 

U . S .  De p t .  o f  the I nteri o r .  1 97 6 .  S u l fur reduct i on poten t i a l  i n  coa l s  of the U n i ted States . 
Rev . Rep .  I nves t .  7633 . 

U . S .  Department of Transporta t i on . 1 978.  Transport i n g  the Nations  Coa l - -A Prel i m i na ry Assess
men t . Report to the Secretary of Transportation  from the Coal Transportati on Tas k Force . 

U . S .  Env i ronmental  Protect ion  Agency . 1 97 1 a .  
wastes . Water Pol l ut .  Cont r .  Res .  Ser . 
Dvorak e t  a l . [ 1 977J . )  

Control of m ine  dra i nage from coal m ine  m i neral 
1 40 1 0  OOH 08/ 7 1 . Wash i ngton , D . C .  ( As c i ted  i n  

U .  S .  Envi ronmental  Protect i on Agency . 1 97 1 b .  Nati onal  prima ry and secondary ambient  a i r  
qual i ty s tandards .  Feg . Reg i st .  3 6 ( 84 ) : 81 86-81 90 . 

U . S .  Envi ronmental  Protec t i on Agency . 
Pol l ut i on from M i n i ng Act i v i t i es . 

1 973 . Process , Procedures ,  and Methods to Control 
EPA-430/9-73-01 1 .  Wash i ngton , D . C .  390 p p .  

U . S .  Env i ronmental P ro tecti on Agency . 1 97 6 .  Qua l i ty Cri te r i a  for Wate r .  Washi ngton , D . C .  
p p .  79- 1 00 ( pre-pub l i ca t i on copy) . 

U . S .  Envi ronmental Protection  Agency . 1 97 7 .  C l ean Ai r Act Amendment .  Fed .  Reg i s t .  4 3 ( 43 ) : 89 6 2 .  

U . S .  Geo l og i ca l  Su rvey . 1 97 4 .  Proposed P l an of Mi n i ng a n d  Recl amat i on , B i g  S ky Mi ne , Peabody 
Coal  Mi ne , Coal  Lease M- 1 5965 , Co l stri p ,  Montana . F i na l  Envi ronmental Statement .  U . S .  
Department o f  the I n ter ior .  

U . S .  Geol og i ca l  Survey . 1 97 7 .  Four  of  a seri es  of  n i neteen maps prepared i n  1 976 and ori g i na l l y  
p ub l i s hed  a s  part of  a report ( Na t i onal Energy Tran s portati on )  b y  t h e  Commi ttee o n  Energy 
and Natural  Resources and the Commi ttee on Commerce , S c i ence  and Tran s porta ti on , U . S .  
Senate . U . S .  Geol og i ca l  Survey , Res ton , Va . 

Wa l ke r ,  F .  E . , and F .  E .  Hartne r .  1 96 6 .  Forms of s u l fur i n  U . S .  coa l s .  U . S .  Bur .  Mi nes I n f .  
C i r c .  8301 . 5 1  pp . 

Wes te rstrom , L .  W .  1 97 5 .  B i t umi nous coal  and l i gn i te ,  p p .  1 57- 1 72 .  I n  Mi nera l Facts and 
Prob l ems . U . S .  Bur . Mi nes B u l l .  667 . 

Wes terstrom , L .  W . , and R .  E .  Harri s .  1 974 .  Coa l --bi tumi nous and l i gni te , pp . 349-405 .  I n  
U . S .  Bureau of  Mi nes ,  1 974 Mi nera l s  Yearboo k .  

--

W i er , C .  E . , and H .  Hutc h i son . 1 97 5 .  Descri pti on of seam s :  Ind i ana , p p .  5 56-559 . I n  Mi n i ng 
I n formati ona l  Servi ces , 1 975 Keys tone Coal  I ndustry Manua l . McGraw-Hi l l  Mi n i ng Pub l i ca -
t i on s ,  New York . 

Wi l l i amson , S .  J .  1 97 3 .  Fundamenta l s  of Ai r Po l l uti on .  Addi son -We s l ey Pub l i sh i n g .  Read i n g , 
Mass . 

Wi secarver , D .  W .  1 978 .  Longwa l l mi n i ng can produce 1 0  t imes  more coal  per m i ne r .  The M i n i n g  
Record , Wed . ,  March 1 5 , 1 978.  Denver , Co l o .  p .  3 .  





APPENDI X  F .  WATER RESOURCE REGIONS 

F . l  N EW ENGLAND WATER RESOURCE REGION 

The New Engl and bas i n ,  wi th an area of about  1 50 , 000 km2 ( 59 , 000 sq m i ) ( U . S .  Geol ogical  Survey 
1 977 ) , i nc l udes major rivers  ( s uch  as the Connecticut ,  Housatoni c ,  Penobsco t ,  and Kennebec ) that 
fl ow i nto the Atl antic Ocean or Long I s l and Sound . I n  addi tion to major reservo irs  (Quabb i n  and 
Sci tuate ) , the area a l so conta i ns numerous  na tural  l a kes s uch as Moosehead and Winni pesaukee . 
Coastal  areas i nc l ude the mouths of the many seaward-dra i ni ng s treams , as wel l a s  l arge bays 
s uch  as Narragansett and Boston . 

Unpol l u ted s urface waters i n  the New Engl and reg ion  typi ca l ly are soft ( �60 ppm hardness as 
CaC03 ) wj th l ow l evel s of total d i ssol ved sol i ds (TOS ) ( >1 20 ppm except for southern Vermont and 
wes tern Connect icut  and Massachusett s ,  where TOS of u p  to a few hundred ppm are found ) and l ow 
l evel s of total  s u spended sol ids  (TSS )  « 270 mg/ L )  (Water I nforma tion  Center 1 973 ) . Reg i ona l 
water qual i ty probl ems i ncl ude i ncreased s u s pended-sol ids  l oads from erosion , espec ial ly  as a 
resu l t of s i l v i cu l ture i n  New Hampsh i re and Ma ine ,  and excess i ve nutrient l evel s i n  Vermont,  
Ma i ne ,  and New Hampsh ire waters . Toxic  pol l u tants affecti ng reg iona l water qual i ty i ncl ude 
heavy meta l s , pest ic i des , phenol s ,  and PCBs (U . S .  Env i ronmental Protection Agency 1 977a ) .  The 
New Eng land reg ion  i s  a l so descri bed as hav i ng severe thermal pol l ution probl ems (Water Info rma
tion Center 1 973 ) . The Naugatuck and Pemi gewasset rivers , whi ch have h i s torica l l y  experi enced 
water q ua l i ty probl ems as a resu l t  of mun i c i pa l  and indu s trial  d i scharges , have responded 
favorably to improved was te treatment program s ;  thu s , fishery and recreati onal u ses are return
i ng ( U . S .  Env i ronmental Protec tion  Agency 1 977a ) . 

The New Eng l and Reg ion  i nc l udes the g l aci ated Appa lachians and adjacent portions of New Engl and . 
Bedrock aqu i fers are general ly unproductive;  exceptions are the Hudson sec ti on of the Va l l ey and 
R i dge  topographic  prov i nce and the southern Adi rondack  Mounta i n s . Here , Pal eozo ic  l imestones 
a nd mi nor sandstone formations function as aqu i fers . Fractured grani tic  and vol can i c  rocks 
associated wi th metamorph ics  a l ong the mounta i n  ranges yi e l d  smal l amounts of  water to wel l s .  

Buri ed and extant s tream val l ey sediments compri sed of sand and gravel consti tute the most  
productive g roundwa ter reservoirs in  the reg ion .  The most areal ly  exten s i ve aqu ifers are 
g l ac i a l  outwas h  depo s i ts a l ong the coasts of Mai ne and Mas sachusetts . They occur  a l s o  i n  
the Connect icut  Ri ver va l l ey .  Gl acial  t i l l  and unstratified dri ft  cover much o f  the reg i o n ;  
however , wel l y ie lds  are l ow (Wa l ton 1 970 ) . 

I n  the New Eng l a nd Wa ter Resource Reg i on ,  average annual runoff i s  equ i va l en t  to 250 x 1 0 6  
m3/day [ 67 bi l l i on gal /day ( bgd ) ] .  Surface freshwater wi thdrawa l s  i n  1 975  were estimated to be 
1 7  x 1 06 (4 . 4  bgd) ; mos t  of the 53 x 1 06 m3/day ( 1 4  bgd )  total off-channel water wi thdrawal (for 
publ i c  s uppl i e s ,  rural u ses , i rrigation uses , and sel f-s u ppl i ed i ndustrial  and el ectri cal genera
tion u ses ) *  was of sal i ne wa ter,  whi ch accounted for 35 x 1 06 m 3/day ( 9 . 3  gpd ) .  Use of ground
water was  rel a t i vely sma l l ,  accounti ng for only 2 x 1 06 m3/day ( 0 . 6  bgd ) .  Abou t  9 percent of 
the total fresh water wi thdrawn was consumed ( evaporated or i ncorporated i n to products ) ( U . S .  
Geol og i cal  Su rvey 1 977 ) . 

The primary user of water i n  the reg i on i s  the sel f-suppl i ed i ndus trial  secto r ,  i ncl ud ing  
el ec tr i c i ty-generati ng u ti l i t i es (Tabl e F . l ) .  Sal i ne wa ter i s  used  heav i l y  (abou t  five times as  
much  as freshwa ter )  for condenser and  reactor cool i ng . Lesser withdrawa l s  of  water are accounted 
for by publ i c  s u ppl i es (wh i ch consume the mos t  freshwater of any sec tor ) ,  rura l uses , and i rri ga
t i on . Generation of hydroel ec tr ic  power u ses approximately 490 x 1 0 6  m3/day ( 1 30 bgd ) of the 
nati onal tota l  of 1 2 . 5  x 1 09 m3/day ( 3300 bgd ) ,  making the reg ion the e i ghth-ranki ng i n  th i s  
respect ( U . S .  Geo l og i cal  Survey 1 977 ) . Proj ections to the year 2000 i nd i cate probabl e  water
s u pply probl ems for the reg ion as a res u l t  of i ncreased el ectrical generatio n .  The Bos to n ,  

*Off-channel u ses are to b e  d i st ing u i s hed from in-channel u ses , that i s ,  "uses tak i ng pl ace 
wi thi n the ri ver channel i tsel f . • •  ( i nc l udi ng ) water used for hydroel ec tric  power genera ti on"  
and nonwi thdrawal u ses , that i s ,  "water u sed for nav i gation , sport,  f i sh i ng , freshwater d i s 
charge i n to estuari ne areas i n  order t o  ma i nta i n  proper sal i n i ty ,  and the d i s pOSi tion and 
d i l u tion  of was te water" ( U . S .  Geol og i cal  Survey 1977 ) .  
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Tab l e  F . l .  Off-channel Water Wi thdrawa l s (mi l l i on g pd ) a 

i n  the  Water Resource Reg i on s ,  by Secto r ,  1 975b 

W i t hdrawa 1 s by Sector 

Publ i c  Suppl i es Sel f-Suppl i ed 
( i ndustri a l , Rural I rri gation  I ndustria l  and  

Water Resource commerc i a l , ( domes ti c ,  E l ectrical  
Reg i on domesti c )  1 i vestoc k )  Generation  

New Eng l and 1 400 ( 1 80 )  1 20 ( 44 )  57 ( 5 7 )  1 2 , 700 ( 1 60 )  

Mi d-Atl ant ic  5300 ( 760 )  470 ( 1 80 )  230 ( 200 ) 46 , 000 (470 ) 

Tennessee 330 ( 4 0 )  79 ( 5 7 )  7 . 2  ( 6 . 9 )  1 0 , 000 ( 1 80 )  

South At l anti c-Gul f 3 1 00 ( 93 0 )  750 ( 560 ) 3 , 1 00 ( 1 , 500 ) 1 0 , 000 ( 750 ) 

Great Lakes 31 00 ( 4 1 0 )  370 ( 1 40 )  9 9  ( 94 )  32 ,400 ( 420 ) 

Oh i o  2200 ( 240 ) 490 ( 30 0 )  34 ( 32 ) 3 3 , 020 ( 640 ) 

Upper M i s s i s s i pp i  3000 ( 1 70 )  450 ( 300 ) 1 50 ( 1 40 )  1 5 , 01 5 ( 1 90 )  

Lower Mi s s i s s i ppi  750 ( 3 1 0 )  1 30 ( 1 20 )  4 , 900 ( 4 , 000 )  1 0 , 300 ( 1 , 1 00 )  

Arkansas-Wh i te-Red 930 ( 330 )  330 ( 3 1 0 )  1 0 , 000 ( 8 , 000 ) 3 , 940 ( 370 )  

Texas Gul f 1 400 ( 560 ) 240 ( 240 ) 7 , 1 00 ( 6 , 500 ) 1 3 ,400 ( 680 ) 

R i o  Grande 350 ( 1 90 )  63 ( 54 )  4 , 900 ( 3 ,200 ) 1 29 ( 7 5 )  

Souri s-Red-Ra i ny 48 ( 2 0 )  40 ( 2 7 )  42 (41 ) 230 ( 6 )  

Mi s souri  Bas i n  1 200 ( 29 0 )  620 ( 55 0 )  28 , 000  ( 1 4 , 00 0 )  4 , 736 ( 1 20 )  

Upper  Co l o rado 77 ( 2 6 )  2 3  ( 1 7 )  3 , 700 ( 1 , 500 ) 255  (87 ) 

Lower Col o rado 5 1 0 ( 240 ) 85 ( 74 ) 7 , 520 ( 5 , 700 ) 430 ( 240 ) 

Great Bas i n  380 ( 1 40 )  76 ( 2 5 )  6 , 000 ( 3 ,400 ) 396 ( 6 9 )  

Cal i forn i a  3700 ( 1 500 ) 2 30 ( 1 30 )  3 5 , 000 ( 2 1 , 000 ) 1 1  ,800 ( 2 1 0 )  

Pac i f i c  Northwest 1 200 ( 230 ) 3 1 0  ( 23 0 )  28 , 000 ( 9 , 900 )  3 , 441  ( 31 0 )  

From U . S .  Geo l og i ca l  Survey ( 1 977 ) .  
a l mi l l i on gpd = 3 . 79 x 1 0 3 m 3/day .  
bData i n  parentheses represent freshwater consumpti o n .  

Massac husetts , a rea i s  present l y  s tressed duri ng pro l onged drought peri ods , a n d  i ncreased demand 
on New Engl a nd ' s  water resources i s  forecas t ,  part i c u l a r l y  in the Connec t icut  Ri ver and Long 
I s l a nd Sound a rea s . Increased future water needs may have to be sati s f i ed by more ocean coo l i n g ,  
expanded u s e  of  freshwa ter resources i n  southcentral Ma i n e ,  and/or water resource devel o pment 
( Hyndman and Roach 1 977 ) .  

The coastal porti ons of the reg ion  ( Connecti c u t ,  Rhode I s l a n d ,  Massachusetts , southern Vermont 
and New Hampsh i re ,  and coas ta l  Ma i ne )  have been iden t i f i ed by the Water Resources Counc i l  as  
among the nation ' s  mos t  cr i t ica l  areas where water supply probl ems may constra i n  energy devel op
men t ;  water s u pp l i es may be i nadequate for power generat ion  and rel ated cool i ng needs by 1 985 
( Wa ter Resources Counc i l  1 974 ) . 

F . 2  M I D-ATLANTIC WATER RESOURCE REG ION 

The Mid-Atl antic  bas i n ,  wi th an area of about 264 , 000 km2 ( 1 02 , 000 sq mi l ( U . S .  Geo l ogical  
Survey 1 977 ) ,  i nc l udes major ri vers ( such  a s  the Hudson ,  De l aware , Susquehanna , Potomac ,  James , 
and Ra ppahanno c k )  that  f l ow i nto the Atl ant ic  Ocea n and coas ta l  bays , a s  we l l as a n  area i n  
northeas tern New York-northern Vermont where dra i nage i s  northwa rd towards the S t .  Lawrence 
Ri ver i n  Canada . Ma jor  reservo i r s  genera l l y  do not consti tute important  surface-water features , 
a l though some tri buta r i es to the Del aware a nd Hudson sys tems are impounded . The mos t  promi nent 
natural l a kes are found in the northern parts of the reg ion  in New York (Lakes George and 
Champl a i n ,  the l atter shared wi th Vermont )  and Pennsyl va n i a  ( Lake Wa l l enpaupac k ) .  Coasta l  areas 
i nc l ude the Chesapea ke drowned-va l l ey system ( Chesapeake Bay and the mouths of the Potomac ,  
Ra ppaha nnoc k ,  York ,  a nd James r i vers ) ,  Del aware Bay , the mouth o f  the Hudson River ( i nc l ud i ng 
Upper a nd Lower New York Bay ) , and the exten s i ve bays between the ma i n l a nd and barr i er beaches 
from V i rg i n ia  to Long I s l and . 
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Su rface waters in  the  Mi d-At l a n t i c  reg i o n  are of med i um hardness ( 60 to 1 20 ppm hardness as 
CaC03 ) in  the James Ri ver bas i n ,  the l ower Hudson and Del aware r i ver bas i ns ,  and portions  of the 
upper Susquehanna and Po tomac r i ver bas i ns .  They are typ i ca l l y soft « 60 ppm hardness ) el s e
where.  D i sso l ved so l i ds l eve l s in surface waters may reach  a few hundred ppm i n  the Mohawk-
Hudson r i ver sys tem , i n  areas of eastern Pennys l van i a  and northern New Jersey , and in a bel t 
i nc l u d i ng the h i g h l ands area of centra l Maryl a nd and the V i rg i n i a-Wes t V i rg i n i a  bo rder . Iso l a ted 
areas i n  eas tern Pennsyl van i a  may have surface waters exceed i n g  350 ppm TDS . In other parts of 
the  M i d-Atl anti c reg ion , TDS l evel s a re genera l l y  bel ow 1 20 ppm . Stream ( TSS)  l evel s ,  a l though 
genera l l y  l ess  than 270 ppm throughout  the reg ion , may be h i gher ( 270 to 1 900 ppm ) in  i s o l a ted 
P i edmont areas of eastern Pe nnsyl v an i a ,  Maryl and , and V i rg i n i a  (Water Information  Center  1 973 ) . 

Reg i onal wa ter qua l i ty probl ems i nc l ude severe thermal pol l ut ion  l oads , pesti c i des i n  the l ower 
reaches of  major r i ver bas i n s ,  and heavy meta l s ,  part i c u l ar ly  in the more northern s ta tes ( New 
York and Pennsyl van i a )  ( Wa ter In forma t i on Center 1 97 3 ) . Other tox i c  pol l u tants of concern i n  
the  reg i o n  i nc l ude Kepone ( James R i ver ) , pheno l s ,  and PCBs ( U . S .  Envi ronmental Pro tection  Agency 
1 977a ) .  Ac i d  m i ne dra i nage  i n  the anthrac i te coal  area of northeas tern Pennsyl van i a  a l so adverse ly  
affects water qua l i ty .  The comb i ned ac id  d i sc harged by the major  r i ver sys tems in  eas tern 
Pennsyl van i a  a c tua l l y  exceeds that of the b i tumi nous Al l egheny-Mononga hel a r i ver bas i n  of wes tern 
Pennsy l va n i a  ( part of the O h i o  Wa ter Resource Reg i o n ;  see Sec . F . 6 )  ( U . S .  Env i ronmenta l Pro
tect ion  Agency 1 977a ) .  In creased nutr i ent l oads and l a ke eu trop h i ca t i on have been reported as a 
probl em i n  Maryl and , Del awa re , and New York ( U . S .  Env i ronmental Protec tion  Agency 1 977a ) .  

Wh i l e  major r i vers such  as the Hudson may deteri ora te wi th i n  a 1 29 - km ( 80-mi ) reac h  near Al bany , 
New Yor k ,  other r i vers such  as the Mo hawk and Susquehanna i n  New York have  s hown i mprovement 
fo l l owi ng the i ns ta l l a t ion  of water treatment p l a nts ( U . S .  Env i ronmental Pro tection  Agency 1 977a ) .  
Sa l twater encroachmen t  i n  coastal areas a s  a res u l t of groundwater pump i ng may i ncrease  d i ssol ved 
so l i ds in groundwater to 3000 ppm ( U . S .  Env i ronmenta l Protec ti on  Agency 1 977a ; U . S .  Geo l og ica l  
Survey 1 970 ) . 

In the M i d-Atl a n t i c  Wa ter Re source  Reg i o n ,  a verage annual  runoff i s  equ iva l ent  to 320 x 1 0 6  
m3/ day ( 8 4  bgd ) .  O f  the tota l  off-channel water wi thd rawa l o f  200 x 1 06 m 3/day ( 52 bgd )  i n  
1 97 5 ,  surface fres hwater wi thdrawa l s accounted for about 8 3  x 1 0 6  m 3/day ( 22 bgd ) ,  whi l e  sa l i ne 
water wi thdrawa l s  a veraged a bout 1 02 x 1 06 m 3/day ( 27 bgd ) . Groundwater contri buted l ess  than 
1 1  x 1 06 m3/day (3 bgd ) . About 7 percent of the freshwater wi thdrawn was actua l l y  cons umed 
( U . S .  Geo l og i ca l Survey 1 977 ) . 

The pr imary u ser of water i n  the reg i o n  i s  the sel f-suppl i ed i ndustr i a l  s ector , i nc l ud i ng 
e l ectri c i ty-generati ng u t i l i ti es ( Ta b l e F . l . ) .  A lmost twi c e  a s  much sal i ne water as freshwater 
i s  u s ed for condenser and reactor  cool i n g .  In  contras t  to wa ter wi thdrawa l s ,  the greates t 
fres hwa ter consump t i on i s  accounted for by the publ i c  supp l i es s ec tor . Generati on of hydro
e l ectri c power uses approxima te l y  830 x 1 06 m 3/day ( 220  bgd ) , wi th the  Mi d-Atl anti c Reg i on bei ng 
the  f i fth-ran k i n g  reg i on in th i s  res pec t ( U . S .  Geo l og i ca l  Survey 1 977 ) .  

Proj ec t i ons to the  year 2000 po i n t  to probab l e water- supp ly  probl ems . Fres hwa ter s upply s hort
ages , present ly  experi enced in the Del aware and Potomac ri vers , wi l l  probab ly  be a fac tor  i n  the 
Hudson and Susquehanna r iver areas as wel l . However , coas ta l  s i ti ng , wh i c h  i s  necessary for 
sa l i ne wa ter use ( a nd currently the pract ice  in the Lower Hudson , Del aware , and Chesapeake Bay 
area s ) ,  may be l im i ted by s i te ava i l ab i l i ty ( Hyndman and Roach  1 977 ) . The Water Resources 
Counc i l  has categori zed the area i nc l udi ng southeas tern New York , New Jersey , Del awa re ,  and 
eastern Pennsyl v a n i a  as be i ng among the nati on ' s  mos t  cri t ica l  energy-rel a ted wa ter-supply prob
l em areas . Ava i l ab l e water suppl i es may be i nadequate for power g enerat ion  and rel ated cool i n g  
needs by 1 985 ( Wa ter Resources Counc i l  1 974 ) . 

The  g roundwater resources of the Mi d-Atl ant ic  reg i on occur i n  consol i dated s ed i menta� rocks , 
unconsol i da ted s ed i ments , and crystal l i ne and metamorphi c roc ks . Y i el ds to wel l s  are grea tes t 
i n  the u nconsol i da ted ma ter ia l ; the l owes t y i e l ds are deri ved from the crystal l i ne and metamor
p h i c  rocks . 

Conso l i da ted s ed imentary rocks such  as l imestones and sandstones are l oca l l y s i gn i f i ca n t  a q u i f iers 
w i t h i n  the reg i o n .  Sandstones u nder ly ing portions  of New Jersey ,  as wel l as eas tern Pennsyl vani a ,  
are exce l l en t  aqui fers , produc i ng l arge wel l y i e l ds . 

Crys ta l l i ne and metamorp h i c  roc ks assoc ia ted w i th the Appa l ac h i a n  Mounta i ns compl ex function  as 
aqui fers . The fractured and j o i nted roc ks produce groundwater , a l though i n  sma l l quanti ti es . 

T h i c k  s equences of u nconso l i dated sands and s i l ts ,  i nterbedded wi th c l ays , underl i e  the coas ta l  
p l a i n  area s . Sediments a r e  up  t o  hundreds of  meters th i c k ,  i ncrea s i ng i n  th i c kness s eaward . 
Large amounts of h i g h-qua l i ty g roundwa ter are produced from these sediments ; l ocal l y ,  seawater 
i ntrus i on renders the aqu i fer  unusabl e .  Al l u v i um a l ong streamcourses is an excel l en t ,  though  
area l l y  restri c ted , source  of h i g h-qual i ty g roundwater wi th i n  the reg i on ( Wa l ton 1 97 0 ) . 
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F . 3  T ENNESSE E  WATER RESOURCE REGION  

The  Tennessee Ri ver bas i n ,  wi th a n  area of about 1 06 , 000 km2 ( 41 , 000 sq mi l ( U . S .  Geol og i cal 
Su rvey 1 97 7 ) , cons i s ts of the heav i l y  i mpounded Tennessee Ri ver and i ts tri butari es from head
waters i n  southwestern V i rg i n i a  and western North Caro l i na to i ts confl uence w i th the Ohio Ri ver 
at  Paducah ,  Kentuc ky .  Maj o r  i mpou ndments i nc l ude Norr i s ,  Wa tts Bar , Ch i c kamauga , and Kentuc ky 
l a kes . P r i nc i pa l  tri butari es to the Tennessee Ri ver i nc l ude the Hol ston and French Broad ri vers , 
wh i c h  j o "i n  to form the Tennessee Ri ver a t  Knoxv i l l e ,  Tennessee , and downstream tri butari es s uch  
as the  C l  i nch , H i wassee , Sequatc h i e ,  E l k ,  and Duc k' r i vers . 

Su rface wa ters i n  the Te nnes see reg ion  vary from soft « 60 ppm hardness as CaC0 3 ) i n  wes tern and 
southcentra l Tennessee to med i um ( 60 to 1 20 ppm )  i n  eas t  Tennessee and northern A l a bama and 
Georg i a . Some headwa ters i n  sou thwes tern V i rg i n i a  have harder water ( 1 20 to 1 80 ppm ) . D i ssol ved 
sol i d s  a re typ i-:a l ly  i n  the 1 20 to 3 50 ppm rang e ,  wi th wa ters of l ess  than 1 20 ppm TDS d ra i n i ng 
the  western s l opes of the Appa l ac h i ans a l ong the Tenness ee-North Caro l i na border . Impoundment 
of the Tennessee R i ver sys tem reduces suspended sed i ment ( TSS ) l evel s in the mai nstem , a l though 
t r i b u ta r i es have TSS l oads in the 270 to 1 900 ppm ra nge (Water I nforma ti on Center 1 97 3 ) .  

Eu troph i ca t i on has been c i ted a s  a probl em i n  some reservo i rs that have l o ng retent ion  ti mes . 
Sources of water q u a l i ty degrada tion  i nc l ude i ndustr ia l  and mun i ci pa l  d i scharges , parti cu l arly 
i n  popu l a ted and devel oped a reas such  as the Chattanooga , Ki ngsport , and Knoxv i l l e ,  Tennes see , 
a reas . Adverse effects on pH , d i s so l ved oxygen l evel s ,  and suspended and d i sso l ved so l i ds have 
been reported ( U . S .  Env i ronmental Protec t i on Agency 1 977a ) .  El eva ted l evel s o f  mercury i n  
s ed i ments and b i o ta have been reported from the Tennessee River i n  northern A l a bama and from the 
North Fork of the Ho l s ton Ri ver ( U . S .  Env i ronmenta l Protec t i on Agency 1 977 a ) .  Water qual i ty 
p rob l ems have been rel ated to su rface m i n i ng of coal i n  the Cl i nc h  R i ver bas i n  ( U . S .  Env i ron
menta l Pro tec t i o n  Agency 1 977a ) .  

The  French Broad Ri ver , wh i c h  had e l eva ted b i o l og i ca l  oxygen d emand (BOD ) , suspended so l i d s , and 
h eavy meta l s  from i nd u s tri a l -mu n i c i pa l  pol l u tants , has experienced i mprovement i n  wa ter qual i ty 
fol l mvi ng cons truc t ion  of was te trea tment faci l i ti es ( U . S .  Env i ronmental Pro tec t ion  Agency 1 977a ) .  

I n  the Tennessee Wa ter Resource Reg i o n ,  average annual  runoff i s  equ i val ent to 1 60 x 1 0 6 m3/day 
( 4 1  bgd ) .  Of the total off-channel  water wi thdrawal of about 42 x 1 0 6  m3/day ( 1 1  bgd ) i n  1 97 5 , 
s u rface freshwater wi thdrawa l s  accou nted for a bout  38 x 1 0 6 m3/day ( 1 0  bgd ) ,  whi l e  g roundwater 
wi thdrawa l s  contr i bu ted l ess  than 1 x 1 06 m3/day ( 0 . 3  bgd ) . Abo u t  3 percen t of the fres hwater 
wi thdrawn was actua l ly consumed ( U . S .  Geo l o g i ca l  Su rvey 1 977 ) .  

The  pr imary user  of  wa ter ( a nd consumer of freshwater ) i n  the reg i on i s  the se lf -s uppl i ed i nd u s 
tr i a l  sector , i nc l ud i ng el ec tr i c i ty-generati ng u ti l i ti es ( Tab le  F . l ) .  Generat ion  of  hydro
e l ectr i c  power ( the system i s  contro l l ed by the Tennessee Va l l ey Author i ty )  uses a pproximately 
9 1 0 x 1 06 m3/day ( 240 bgd ) , the Tennessee Ri ver reg ion  trai l i ng only the Grea t La kes and Pac i f i c  
No rthwest  reg i o ns i n  thi s respect ( U . S .  Geo l og i cal  Su rvey 1 977 ) .  

P ro j ect ion  to the year 2020 i nd i c a tes no maj or l ow- fl ow wa ter supp ly  probl ems pr imari l y  because 
of  the Tennessee Va l l ey Au thori ty ' s  a b i l i ty to reg u l a te streamfl ow . T he a b i l i ty of the reg i o n  
t o  accommodate add i t i onal  wa ter-cons umpt i ve power p l ants i s  forecas t  ( Hyndma n a n d  Roac h 1 977 ) .  

The  Tennessee Reg i o n  i s  underl a i n  by many d i fferent roc k  types , severa l of wh i c h  are producti ve 
g roundwater reservo i rs .  The wes t- centra l porti on of the s tate has u nconso l i da ted to semi conso l i 
dated depOS i ts o f  the fri nge o f  the Mi ss i s s i pp i  Embaymen t .  Centra l Tennessee i s  u nderl a i n  by up  
to  several thousand meters of conso l i dated sed i mentary rocks  of Precambri a n  to Pal eozo i c  age . 
Ea s t  Tennes see i s  the mos t  hydrogeo l og i cal l y  compl ex area , c haracteri zed by conso l i dated sed i 
men tary roc ks o f  Precambri a n  to Pa l eozo i c  age ,  metamorp h i c  roc ks , and cr"ys ta 1 1  i ne rocks of the 
o utcroppi ng basement compl ex .  

The  u nconsol i da ted to semi conso l i dated Mesozo i c  and Ceno zo i c  sed i ments o f  west-cen tral Tennessee 
are some of the mos t  product ive  a q u i fers . The sedi ments are u p  to severa l hundred meters th i c k ,  
i nc rea s i ng i n  th i c kness sou thwa rd a nd westwa rd .  T he geo l og i c  section  shows sands and s i l ts 
i nterbedded wi th c l ay s .  The  sands are the produc i ng zones ; c l ay format i ons act  as l oca l ly  
confi n i ng beds . 

Th i c k  sequences of l i mestones , d o l omi t i c  l imestones , and do l om i tes i n  centra l  Tennessee have 
sma l l to l arge y i e l ds . Produc tion  from , and s torage i n ,  these forma tions  is dependent  on  the 
degree to wh i c h  j o i nts and sol ut ion  ope n i ngs  occ u r .  The B i g by -Canno n ,  Hermi tage , R id l ey ,  
Mu rfreesboro , and Knox u n i ts are the bes t aqu i fers . The groundwa ter qua l i ty i s  poor a t  very 
sha l l ow depths  due  to bac ter i a l  contami nation  and turb i d i ty from the surface enteri ng the aqu i 
fers through  i mproperly  ca sed wel l s  a nd s i nkhol es . At depths o f  more than 20 to 30 m ( 66 to 98  
f t ) , the  qua l i ty is  genera l l y  exce l l en t .  At depth and l ocal l y  w i t h i n  the  Knox group , poor 
qual i ty g roundwa ter ex i s ts ( h i g h  T DS a nd s u l fa tes ) .  
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Ea s tern Tennessee conta i ns grou ndwater in  perched aqu i fers wi th i n  the  Carbon i ferous  secti o n .  
T h e  groundwa ter occurs i n  sandstone l enses between coa l seams a nd sha l e  forma t i o ns . The ground
water q ua l i ty is l oca l l y  excel l en t ,  or can  be i ron- or s u l fa te-en r i ched . Y i el ds to wel l s  are 
smal l to modera te . 

Fa rther to the eas t ,  g roundwater occurs i n  u pthru sted l i mestones and dol omi tes a nd a few sand
s tones . Mos t  y i el ds to  wel l s  are sma l l ;  the qua l i ty i s  genera l l y  good . Fra ctured i gneous  a nd 
metamorph i c  rocks  i n  extreme eastern Tennessee produce wa ter i n  sma l l amounts and a t  depths of  
l ess than approx i ma te l y  1 50 m ( 490 ft ) . The groundwa ter qua l i ty is  cons i dered to  be  goo d .  

F . 4  SOUTH ATLANT I C-{;ULF  WATER  RESOURCE REG I ON 

The South Atl a n t i c-{;u l f  reg i o n ,  w i th an area of abo u t  700 , 000 km2 ( 270 , 000 sq m i l ( U . S . Geo
l og i ca l  Survey 1 97 7 ) , i nc l udes 24 major ri ver sys tems , dra i n i ng the southern Appa l ach i an H i g h l a nds 
southea s tward a nd sou thward toward the Atl ant i c  Ocea n and the Gu l f  of  �lex i co and  sma l l er coas tal 
r i ver sys tems i nc l u d i ng those of F l orida . Promi nent r iver sys tems i nc l ude the Savanna h ,  Roanoke , 
Cha tta hoochee , Apa l ac h i co l a ,  Al a bama , a nd Tombi g bee . Major  reserv o i rs i nc l ude the Joh n H .  Kerr , 
C l ark  Hi l l ,  a nd Ha rtwe l l reservo i rs ,  a nd La kes Mar i o n , Mou l tr i e ,  Norman ,  Lan i e r ,  and Mart i n .  
Large na tura l l a kes a re no t typ i ca l  fea tures except i n  central a nd sou thern Fl orida  ( O keechobee 
is the second l arges t natural  fres hwater l a ke in the contermi nous Uni ted Sta tes , excl udi ng the 
Grea t  La kes ) ( Wa ter I n forma ti o n  Center 1 970 ) ; the smal l er l a kes (Caro l i na Bays ) of the south
eastern At l an t i c  coas t  a re of parti c u l ar i nteres t because of the i r  obscure geo l og i c  ori g i n  
( Yount  1 966 ) . The reg ion  has a n  extens i ve shorel i ne ,  and bays a re promi nent a t  the mou th o f  the 
many r i vers a nd beh i nd bar r i er beaches . 

Su rface  waters i n  the South  At l ant ic-{;u l f  reg ion  are g enera l l y  soft « 60 ppm hardnes s as CaC0 3 ) ,  
except for moderately hard ( 6 0  to 1 20 ppm ) waters i n  northern Al abama and coastal  areas i n  
pen i nsu l ar Fl o r i da . The Pa l m  Bea c h ,  F l or ida , area has even s l i g ht ly  harder water ( u p  to 1 80 ppm ) . 
D i s so l ved sol i ds l evel s a re genera l l y  l ess  than 1 20 ppm , except for the B l a c k  Warr ior-Lower 
Tombig bee wa ters ( u p  to 350 ppm TDS)  and  surface waters i n  pen i ns u l a r  F l or ida ( up to and exceed
i ng 3 50 ppm TDS ) . Concentrat i ons of suspended so l i ds  ( TSS ) are genera l ly l ow i n  coas ta l areas 
« 270 ppm ) ,  wi th h i g her l evel s ( u p  to 1 900 ppm ) i n l and ( Wa ter I nforma t ion  Center 1 973 ) .  

Wa ter qu a l i ty probl ems i n  the reg i on have res u l ted from sedi ment runoff from s i l v i cu l ture a nd 
m i n i ng ,  nutrient  l oad i ng of surface waters , and  mun i c i pa l  and i ndustr i a l  d i s charges ( U . S . 
En v i ronmenta l Protection  Agency 1 977a ) . Contam i nat ion  of aquati c habi ta ts wi th pes t i c i des i s  a 
probl em :  the reg i on has had parti c u l ar ly  h i g h  u s e  o f  DDT , and d i e l dr i n  and l i ndane have been 
found i n  surface waters ( Wa ter I n formation  Center 1 973 ) .  The B l a c k  Wa rrior  dra i nage i n  Al abama 
has experi enced a c i d i f i ca t i o n  probl ems from coal m i n i ng operations . However , many s u rface 
wa ters i n  Geo rg i a  a nd Mi s s i s s i pp i  are natura l l y  a c i d i c  as a res u l t of  l oc a l  swamp condi tions 
( U . S .  Env i ronmenta l Protec t ion  Agency 1 977a ) .  Trace e l ements have a l so contam i n ted s urface 
waters : e l eva ted arsen i c  l eve l s have been found in the Cape Fear ( North Carol i na )  and Catawba 
( North Ca ro l i na-So uth  Ca ro l i n a )  r i ver dra i nages , and e l eva ted cadm i um has been found i n  i nterior  
and  coastal  Mi s s i s s i pp i  and Al a bama . I ndustri a l  mercury pol l u ti o n  has contami na ted the  l ower 
Tomb i g bee-Al a bama r i ver ba s i n ,  the l ower Savanna h Ri ver ,  a nd wa ters of coas ta l  Georg i a  (Water 
I nformat ion  Center 1 973 ) . Sa l twater i ntru s i on i nto grou ndwater aqu i fers has res u l ted from 
p ump i ng , espec i a l l y  i n  Fl orida . I n  F l orida , the canal  systems associ a ted wi th l and deve l o pment 
reduce wetl ands . Co ns truc ti o n  of  was te trea tment fac i l i ti es has resul ted i n  improvement of many 
s treams , such  as the Pearl R i ver,  and l ower reaches of the Savannah  and Tombi g bee ri vers ( U . S .  
Env i ronmenta l Protection  Agency 1 977a ) .  

I n  the South At l an t i c-{;u l f  Wa ter Resource Reg i o n ,  average  annual  runoff i s  equ i va l ent to 
747 x 1 06 m3/day ( 1 97 bgd ) . Of the tota l  off- channel wa ter wi thdrawal of a bo u t  1 60 x 1 0 6  
m3/ day ( 43 bgd )  i n  1 97 5 ,  surface freshwa ter wi thdrawa l s accounted for about 9 1  x 1 0 6  m 3/day 
( 2 4  bgd ) , groundwa ter w i thdrawal s a bout  21 x 1 06 m 3/day ( 5 . 5  bgd ) , and sa l i ne s u rface water 
a bout  53 x ; c� m3/ day ( 1 4  bgd ) . About 1 3  percen t of the fres hwater wi thdrawn was actua l ly  
consumed ( U . S .  Geo l og i ca l  Survey 1 977 ) .  The geograph i c  d i s tri bution  of water use i s  cru c i a l  i n  
the reg i on .  Al though t.re to ta l  runoff i s  the l argest of a l l  the eas tern reg ions , many o f  the 
popu l a t i o n  centers ( s ue :, a s  B i rm i ng ham,  Al a bama , Atl a n ta , Georg i a ,  and Charl otte , Greenv i l l e ,  
a nd W i n s ton-Sa l em ,  No r th Carol i na )  a re i n  i n l and headwater areas where l ow-fl ow probl ems res u l t 
f)'oP] peri odi c  droug h ts . Important  r i ver ma i ns tems , such  a s  those of the Al a bama , Tombi g bee , and 
Apa 1 0c h i co l a ,  pa s s  through  l ess  popu l a ted a rea s .  The d i spar i ty is  a l so great in  souther n  Fl ori da , 
w h i c h  has  l arg e popu l a t i o n  c enters ( Mi ami a nd Pa l m  Beach ) and h i g h  agri c u l tura l water use , but 
no major r i vers . Ra i nfa l l there i s  both h i g h l y  seasonal  and variabl e from year to year ( Hyndman 
a nd Roa c h  1 97 7 ) . Beca use of these geogra p h i c  and fl ow-va r i a t i on probl ems , i t  has been estimated 
tha t on ly  a bout  1 90 x 1 06 m 3/day ( 50 bgd ) of the runoff i s  currently a va i l ab l e  (Water Resources 
Counc i l  1 974 ) .  

The  sel f-suppl i ed i ndustr i a l  and el ectri c i ty genera t i o n  uti l i ty sector i s  the l argest user of 
water in the reg i o n , a l thou g h  i rr igation  is the l a rgest  consumer of fres hwater (Tab l e  F . l ) .  Use 
of sa l i ne water for condenser and reactor cool i ng  is a l most  as  great as  the use of fres hwater .  
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Genera ti on of  hydroel ectr i c  power in the reg ion  uses a bout  800 x 1 06 m 3/day ( 2 1 0  bgd ) , maki ng 
the reg ion  the s i xth-rank ing in thi s  respec t ( U . S .  Geo l o g i cal  Survey 1 977 ) .  Water supply pro
j ec ti ons for the reg ion  i ndicate tha t, whi l e  suppl i es are avai l ab l e a l ong much of the coas t ,  
i ncreased i nl and use wi l l  req u i re water resource devel opment and i ncreased use i n  southern 
Fl orida wi l l  necess i tate even g reater rel i ance on sal twa ter wi thdrawa l s  ( Hyndman and Roach 1 9 77 ) .  
Peni nsu l ar Fl orida has  been rated as  one o f  the na ti on ' s  mos t  cri t ica l  energy- re l a ted wa ter 
s upply probl em a reas by the Wa ter Resources Counc i l .  By 1 98 5 ,  ava i l ab l e  water supp ly  may be 
i nadequate for power generation and coo l i ng needs (Wa ter Resources Counci l ,  1 9 74 ) .  

The South Atl antic-Gu l f  Reg ion g roundwater reservoi rs are of various types : crysta l l i ne and 
metamorph ic  roc ks , conso l i da ted sedimentary rocks , and unconso l i da ted to semiconso l i da ted 
del ta i c  and fl uv ia l  materia l . The mos t  product ive of these aqui fers a re the mos tly unconsol i 
dated deposi ts .  

The crystal l i ne and adjacent metamorph ic  rocks of the Bl ue Ridge and P i edmont areas are the 
l east  productive of the aqu i fers , a l though they y i el d groundwater in quanti ties s uffic i ent to 
provi de adequate domestic and some mun i c i pa l  suppl ies . Groundwater i s  produced from frac tures 
and j o i n ts ,  as wel l as  from the resi duum of the grani tes , gnei sses , and sch i s ts . 

Consol ida ted sed imentary rocks ,  mostly l imes tones and do l omi ti c l imestones , are l ocal l y  i mportant 
aqu i fers , bei ng most exten s i ve in Fl orida and sou theas tern Georg i a .  Large quanti t ies o f  g round
water a re produced from so l u ti on open i ng s  wi thi n  these formati ons . 

Unconsol i dated del ta i c  sequence sediments range i n  thic kness from several tens of meters to 
several thousand meters , with the un i ts th ic kening toward the coas t .  These sediments cons i s t  
prima r i l y  o f  sands and s i l ts i nterbedded wi th c l ays . Mi nor g ravel s and marl s a l so occur .  
Production from these formations  can  be expected to  range from moderate to  l arge . Sand and 
g ravel deposi ts in the l arger r i ver val l eys are excel l ent l oca l sources of potab l e groundwater .  

The g roundwa ter qual i ty i s  good for the mos t  part; however , sal i ne wa ter occurs a t  depth i n  the 
vari ous aqui fers , as wel l as in some s ha l l ow Fl orida aqui fers where seawater i ntrusi on has been 
i nduced or occurs na tural l y  ( Wa l ton 1 970 ) . 

F . 5  GREAT LAKES WATER RESOURCE REGION 

The Great Lakes reg i o n ,  wi th an a rea of  a bout  325 , 000 km2 ( 1 26 , 000 sq mi ) ( U . S .  Geol ogi cal 
Survey 1 977 ) ,  i nc l udes a l l of M ich i gan and porti ons of e i g ht other s ta tes w ith i n  approxima tel y  
1 6 1 km ( 1 00 mi ) o f  the Great La kes . In add i tion to the Great Lakes ( Super i o r ,  M ich i gan ,  Huron , 
Eri e ,  and On ta r i o )  and the s treams fl owi ng i nto them ( such as the Ka l amazoo , Menom i nee , and 
Maumee ri vers ) ,  and the St. Lawrence Ri ver , whi ch i s  the outl et of the Great Lakes , the reg i on 
i ncl udes the Fi nger La kes area of central New York and Lake W i nnebag o .  

The hardness o f  surface waters i n  the Great Lakes Water Resource Reg ion  varies  widely wi th 
l ocati on ,  from soft « 60 ppm hardness as CaC0 3 ) to med i um ( 60 to 1 20 ppm )  to hard ( > 1 20 ppm ) . 
The l owest l evel s are genera l l y  found i n  those parts of  Mi nnesota , Wi scons i n ,  and the Upper 
Peni nsu l a  of Mi chigan  that border on Lake Superior .  Surface waters of moderate hardness a re 
typi cal l y  found i n  northern parts of Wi scons i n ,  Mich i gan ,  and i n  western New York . Hard waters 
are present in most of the rema i n i ng porti ons of the reg i on , wi th the hardes t waters ( 1 80 to 
>240 ppm )  i n  northwestern O h i o-southea s tern Mi ch igan .  The hardness of the Great Lakes them
sel ves ranges from soft ( Superior)  to moderate (northern Huron and M ich i gan and eas tern Ontari o )  
a nd to hard ( Er i e ,  southern Mi c h i g an and Huron , and wes tern Ontari o ) .  Di ssol ved so l i ds l eve l s  
i n  surface waters of the Great La kes reg i on range from l es s  than 1 20 ppm TDS ( i n those a reas 
bordering the western shores of La ke Super ior  and that part of New York near the out let  of Lake 
Ontari o )  to g reater than 350 ppm TDS (centra l M ich igan ,  a l ong the southwes tern s ho res of Lakes 
Mi chigan  and Eri e ,  and a l ong the sou theastern s hore of Lake Onta ri o ) .  Other a reas in the reg i on 
a re i n termediate i n  di ssol ved sol i ds ( 1 20 to 350 ppm ) .  Suspended sediment (TSS ) l evel s are 
g enera l l y  l ow « 270 mg/L ) except for the Maumee bas i n  area of northwes tern Ohi o ,  where TSS 
l evel s are i n  the 270 to 1 900 ppm range (Wa ter Informa ti on Center 1 9 77 ) .  

W i th the except ion of portions of Lake Er ie  (where excess i ve nutri ents are found ) ,  the open 
waters of the Great La kes themsel ves are genera l l y  of good qual i ty .  I ns hore , harbo r ,  and 
devel oped a reas suffer from a variety of water qual i ty probl ems , wh i ch i nc l ude exces s i ve nutri ent 
i nputs , pesti c i des , bacterial  contamina ti on ,  erosi on ( bo th natura l and aggravated ) ,  heavy meta l s ,  
d i ssol ved sol ids , pheno l s .  PCBs . o ther organ ics , and a s bes tos . The Detroi t  and Cuyahoga ri vers 
have been particul arly impacted by i ndustrial  and mun i c i pal  effl uents ; the Detro i t  Ri ver has 
been respondi ng to was te treatment programs ,  but the a s s im i l ative capaci ty of the l owest reaches 
of the Cuyahoga Ri ver may conti nue to be overstressed . even when was te treatment has been ful ly  
i nsti tuted ( U . S .  Env i ronmental Protection Agency 1 977a ) .  The  Great Lakes regi on has been 
c haracteri zed as hav ing  severe thermal pol l ution prob l ems comparabl e to those of the New Engl and 
a nd Mid-Atl antic reg i ons ( Wa ter Informa tion  Center 1 977 ) .  
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The  aqu i fers of  the Great La kes Reg i on are of three mai n  types : crysta l l i ne bedrock  of the 
Cana d i a n  S h i e l d ,  conso l i da ted sedimentary roc ks ,  and unconso l i dated g l a c i a l  mater i a l . I n trus i ve 
i g neous a nd metamorp h i c  rocks i n  the L a ke Superior area y i el d sma l l supp l i es to wel l s  from 
fractures . Sands tones and some l imes tones are s i gn i f i cant  aqu i fers . The sands tone bedrock of 
W i scons i n ,  northernmo s t  I l l i no i s ,  and Mi c h i ga n  produces wa ter from primary poros i ty zones . 
L imes tones , wh i ch are l oca l l y  important a q u i fer s ,  produce from permeab l e reef s tructures a nd 
s econdary fractures . 

G l a c i a l  dr i ft varies  from severa l meters to perha ps a hundred meters i n  th i c kness acros s the 
reg i o n .  Much  of the g l ac i a l  ma ter i a l  i s  rel at i vely impermeabl e ti l l ;  however , some sand and 
g ravel deposi ts assoc i a ted w i th the t i l l  a re modera tel y  producti v e .  G l a c i a l  outwas h  depos i ts 
composed of sand and g ravel are l oca l l y excel l en t  aqui fers . The mos t  producti ve 0f al l the 
a qu i fers i n  the reg i o n ,  thoug h ,  are the anc i en t  bur ied val l ey sedi ments , as wel l as the present 
c ourses of s treams , wh i c h  y i el d modera te to l arge s u pp l i es of groundwa ter ( Wa l ton 1 970 ) .  

I n  the Great Lakes  Wa ter Resource Reg i on ,  average annual  runoff i s  equ i val ent  to 280 x 1 06 
m3/day ( 7 5  bgd ) . Of the tota l  off-channel water wi thdrawa l of about  1 40 x 1 06 m3/day ( 36 bgd ) 
i n  1 97 5 ,  surface fres hwater wi thdrawa l s  accounted for a bout  1 30 x 1 0 6 m 3/day ( 3 5  bgd ) ;  ground
water contri buted a bout  6 x 1 06 m 3/day ( 1 . 6  bgd ) ,  one-fourth of wh i c h  was sal i ne .  About  3 percent 
of  freshwa ter wi thdrawn was actua l l y  consumed ( U . S .  Geo l og i cal  Survey 1 977 J .  

The p rimary user o f  wa ter i n  the reg i o n  i s  the sel f-suppl  i ed i ndustria l  sector, i nc l  udi ng 
e l ectr i c i ty-generati ng u ti l i ti es ( Ta b l e  F . l ) .  Th i s  sector was a l most  equa l l ed i n  terms of 
freshwa ter consumed by the publ i c  suppl i es secto r .  The sa l i ne groundwa ter wi thdrawa l s  were by 
i ndus try ; fresh g roundwater was wi thdrawn by a l l sectors . Genera t ion  of hydroel ectr i c  power 
u ses a pproxi ma te ly  1 1 00 x 1 06 m 3/day ( 290  bgd ) ,  wi th the Great Lakes reg i o n  second only to the 
Pac i f i c  Northwes t reg i on in th i s  respect ( U . S .  Geo l og i ca l  Survey 1 977 ) .  

A projec t ion  of fu ture water ava i l a b i l i ty i n  thi s reg i on i nd i c ated that the func t i o n i ng of the 
Grea t La kes as a l a rg e  reserv o i r  system wou l d resu l t  i n  general ava i l ab i l i ty of water for energy 
tec hnol o g i es , w i th no serious  l ow- f l ow prob l ems . ( The l a kes themse l ves have dampened seasonal 
c hanges , wh i l e  the outfl ow through  the St.  Lawrence Ri ver is exceeded in the Un i ted States only 
by the Mi s s i s s i pp i  and Col umbi a  r i vers and is s tab l e throughout the year . )  However , l a rge con
s umption  rates m i g h t  l ower l ake l ev el s ,  and wa ter qual i ty probl ems in the popul a ted i ndus tri 
a l i zed c enters m i g h t  be aggravated ( Hyndman and Roach  1 977 ) .  

F . 6  O H I O  WATER R ESOURCE R EG ION  

The  Oh io  Water Resource Reg i o n ,  w i th a n  area of  about  420 , 000 km 2 ( 1 63 , 000 sq  m i l ( U . S .  Geo l og i ca l  
Survey 1 977 ) ,  i nc l udes the O h i o  R i ver a nd tri bu tary sys tems ( such  a s  the Al l egheny ,  Monongahel a ,  
Cumberl and , Kanawha , Kentucky ,  Green , and Waba s h  r i vers ) .  Al though  the reg i on i nc l udes scattered 
sma l l natural l a kes and modera te- s i zed reservo i rs ,  major reservo i rs are l i mi ted to the Cumberl and 
R i ver ( Ba rk l ey ,  Center Hi l l ,  and Da l e  Hol l ow reservo i rs and Lake Cumberl and ) . 

Su rface waters of the Oh i o  Wa ter Resource Reg i on range from moderatel y  hard ( 60 to 1 20 ppm hard
ness a s  CaC0 3 ) to hard ( > 1 20 ppm ) . The softer waters are genera l l y  found in the sou thern and 
eas tern porti ons of  the reg i on .  Su rface-water hardnes s in par ts of  I l l i no i s ,  I nd i ana , and Oh io  
fa l l  i n  t he  1 80 to  240 ppm rang e .  D i ssol ved so l i ds l evel s a l so refl ec t th i s  d i s tri buti on , w i t h  
l owes t va l ues « 1 20 to 3 50 ppm TDS ) found i n  the southern and eastern porti ons of  the reg i o n ,  
a nd t h e  h i g hest  l evel s ( >350  p pm )  i n  parts of  I l l i no i s ,  I nd i ana , Oh i o ,  a n d  wes tern Pennsy l van i a .  
Sediment ( TSS )  l eve l s g enera l ly  vary from l ess  than 270 ppm to a l mos t 2000 ppm .  The sou thern 
I l l i no i s  area has the h i g hest l evel s ,  exceed i ng 1 900 p pm ( Water  Informati on  Center 1 973 ) .  

Water qual i ty i n  the O h i o  bas i n  has suffered from both poi nt-source  and nonpoi nt-scurce  pol 
l utants . Ag r i c u l ture ( contr i bu t i ng pes t i c i des , nutri ents , and s ed iments ) ,  constructi on , urban 
runoff , stream c hanne l i za t i o n ,  and i ndustr i a l  and muni c i pa l  d i s c harges have degraded water 
qua l i ty ( i n  terms of bacteria l  con taminati o n ,  nutri ents , heavy metal s ,  and other tox i cants ) 
( U . S .  Env i ronmental Protect i on  Agency 1 977a ) .  The reg ion  has been categori zed as hav i ng major  
thermal pol l ut i on probl ems , a l thoug h  not a s  s ev ere as the New Eng l and and M i d -Atl ant ic  reg ions 
( Wa ter I n formation  Cen ter 1 973 ) .  The O h i o  reg ion  has been parti c u l arl y affected by coal m i n i ng 
dra i nage ,  w i th abandoned m i nes and t he d i ffuse na ture of the d i s charge exacerba ti ng the s i tuat ion 
( U . S .  Env i ronmental Protect ion  Agency 1 977a ) . The Env i ronmental Protect ion  Agency ( EPA)  has 
i denti f i ed Pennsyl vani a ,  Maryl and , northern West V i rg i n i a ,  Ohi o ,  wes tern Kentuc ky , and the 
I l l i no i s - I n d i a na border a rea as be ing a ffec ted by ac id/ferrug i nous  dra i nage ( U . S .  Environmenta l  
Protec t i on Agency 1 977a ) . Coa l  m i n i ng i n  eastern Kentucky a n d  t h e  Cumberl and reg i on i n  Tennes see 
a l so resu l ts in a c i d  m i ne dra i nage . Streams i n  m i n i ng areas of eas tern Kentucky have s uffered 
from e l evated l evel s of d i ssol ved sol i d s ,  hardness ,  su l fa te ,  a ci d i ty ,  and c h l or� de . Ev�n where 
neutra l i zed mi ne was tes have been d i s c harged , i ncreased d i ssol ved sol i d s  and s u l fate have been 
reported . Whi l e  i dent i f iab l e poi n t- source d i scha rges such  as i ndustr i a l  a nd m�n i c i pal  was tes 
have begun to be control l ed w i th was te treatment faci l  i ti es (wi th observed re::;c·very of wa ter 
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qual i ty ) , m i ne dra i nage has been i dent i f i ed as  l es s  amenabl e to control wi th " best  ava i l abl e 
trea tment" techno l og i es ( U . S .  Envi ronmental Protection Agency 1 97 7a ) . 

In the O h i o  Water Resource Reg i on ,  average annual runoff i s  equ i val ent to 474 x 1 0 6  m3/ day 
( 1 25 bgd ) .  Of the total off-c hannel water wi thdrawal of a bout 1 40 x 1 06 m 3/day ( 36 bgd )  i n  
1 97 5 ,  surface freshwater wi thdrawal s accou nted for a bout 1 30 x 1 06 m3/ day ( 34 bgd ) ;  groundwater 
contri buted about 7 . 2  x 1 06 m 3/day ( 1 . 9  bgd ) .  About 3 percent of fres hwater wi thdrawn was 
actua l l y  consumed . Primary groundwater users were the i ndustr ia l  and publ i c  s uppl i es sectors 
( U . S .  Geo l og i cal  Survey 1 977 ) .  

Approximately 4 . 09 x l O l l m 3  ( 1 08 , 000 b i l l ion  gal ) of pota bl e  groundwater i s  ava i l abl e from 
s torage i n  the aqu i fers of the O h i o  reg i o n .  Consol i dated roc k  and mi nor u nconso l i dated aqu i fers 
conta i n  3 . 2  x l O l l  m3 ( 8 5 , 000 bi l l ion  gal ) of the tota l  amount ; outwas h  and al l u v i al aqu i fers 
may be s tored as  much as 8 . 7  x 1 0 1 0  m3  ( 2 3 , 000 bi l l i on gal ) of potabl e g roundwater . 

The g roundwater reservo i rs i n  the Ohio  reg ion  are of four general types : al l u v i um ,  outwas h ,  
g l ac i of l u v i a l  depos i ts ,  and bedroc k .  Al l u v i um of recent a g e ,  cons i s ti ng o f  s i l t ,  sand , and 
g ravel , occurs i n  the val l eys of the l arger s treams . Sand and g ravel gl aci a l  outwash  depos i ts 
a re found i n  the g l ac i a ted val l eys of the ma i n  tributar i es . G l a c i ofl u v i al depos i ts are compri sed 
of both Pl e i s tocene outwas h  and recent a l l u v i um ;  thes e occur wi thi n the Oh io  Ri ver val l ey as 
wel l as al ong i ts major tri butaries . Wel l y i el ds from the unconsol i da ted aqui fers can exceed 31 
L/s  ( 500 g pm) . T h i c k  bedrock un i ts vary i ng in age from Precambrian  to Terti ary u nderl i e  the 
reg i o n .  The g reatest  th i c knesses are coi nc i dent wi th the Appa l ac h i a n  and I l l i no i s  s tructura l 
bas i ns ,  i n  the east and west porti ons of the reg io n · res pectivel y .  Max imum wel l y i el ds of con
sol i dated aqu i fers range from 6 to 3 1  L/s ( 1 00 to 500 g pm ) . Characteri s t i cs of the s i gn i f i cant 
aqu i fers in  the Ohio reg ion  are g i ven in  Tabl e F . 2 .  

Ta bl e F . 2 .  Characteri s t i c s  o f  the Consol i dated and Unconsol i dated Aqu i fers i n  the O h i o  Reg ion  
and Ran k i n g  of Aqu i fers in  Order of  Decrea s i ng Transmi s s i v i ty 

Aqu i fer 

Mad Ri ve r  al l uvia l  aqu i fer 
Ohio Ri ver val l ey outwash  and al l uv ia l  aqu i fer 
M iami  Ri ve r ,  Sc i oto Ri ver,  Upper Musk i ngum Ri ver , 

and Wh i tewater Ri ver a l l uv ia l  aqu i fers 
Al l egheny , Lower Wabas h ,  and Wh i te R i ver al l uv i a l  

aqui fers 
Hoc k i ng Ri ver , Lower Mus k i n gum Ri ve r ,  and Upper 

Wabash  Ri ver al l uv ia l  aqu i fers 
Beaver Ri ver a l l uv ia l  aqui fer and al l uvia l  aqu i fers 

in the m inor tri butar i es north of the O h i o  R i ver 
Al l uv i a l  aqu i fers in the maj or tri butar ies south 

of the O h i o  Ri ver 
Mi s s i s s i ppian  bedrock aqu i fer ( Green Ri ver Bas i n )  
M i ss i s s i pp i an bedrock aqu i fer wi th g l ac i al cover 
Pennsyl van i an bedroc k ( Al l egheny and Pottsvi l l e  

Format i ons ) 
Pennsyl van ian bedrock w ith g l a c i a l  cover 
S i l ur ian  bedrock w ith gl ac i a l  cover 
Pennsyl va n i an bedrock ( Conemaugh Format ion )  
Pennsyl va n i an and  Permian bedrock ( Dun kard Group )  
Ordo v i c i an bedrock w i th g l ac i a l  cover 
S i l ur ian  bedrock 
Mi s s i s s i ppian  bedrock 
Pennsyl van i an bedrock ( Monongahel a  Formation )  
Devonian  bedrock w ith  gl ac i a l  cover 
Ordovi c i an and urdi fferenti ated Pal eozoi c  rocks  
Devon ian bedrock 

From Bl oyd ( 1 974 ) .  

Hydraul i c  Conduc
t i v i ty ( gpd/ft2 ) 

4000-4500 
400-8400 

2500-3000 

2000 

1 500-2000 

500 - 1 000 

500 

>20 
> 20 
>20 

>20 
>20 
>20 
>20 
>20 
>20 
>20 
>20 
>20 
>20 
>20 

Storage Coeffi c i ent 
or Spec i fi c  Y i el d 

0 . 25 
0 . 05-0 . 20 
0 . 1 5-0 . 20 

0 . 1 5-0 . 20 

0 . 1 5-0 . 20 

0 . 1 5  

0 . 1 0  

0 . 0 1 -0 . 05 
0 . 0 1 -0 . 05 
0 . 0 1 -0 . 05 

0 . 0 1 -0 . 05 
0 . 0 1 -0 . 05 
0 . 0 1 -0 . 05 
0 . 01 - 0 . 05 
0 . 0 1 -0 . 05 
0 . 01 -0 . 05 
0 . 01 - 0 . 0 5  
0 . 0 1 -0 . 05 
0 . 0 1 -0 . 05 
0 . 0 1 -0 . 05 
0 . 01 -0 . 05 
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Groundwater qual i ty wi thi n  the reg ion varies primari l y  wi th depth . Shal l ow groundwater general ly 
conta i ns l es s  than 1 000 mg/L TDS . At depths greater than 1 50 m ( 500 ft ) ,  however , TDS concentra
tions  may exceed 3 5 , 000 mg/L . 

Recharge i s  primari ly by i nf i l trati on of prec i p i tation .  Some seepage from s treams takes pl ace . 
The average annual regi onal groundwater recharge i s  about 1 . 3 x 1 08 m3/day ( 35 ,000 mgd ) , wh i ch 
may be a s  much as  1 5  percent o f  the total annual prec i pi tation .  Discharge takes p lace through 
s eepage to s treams , pumpage ,  and underf1 9w to adjacent areas . 

The base-year ( 1 960 ) u se  of groundwater for mun ic i pal i t ies and rural demands was approximately 
3 . 79 x 1 06 m 3/day ( 1 000 mgd ) , or about 3 percent  of  annual recharge. Indus tri al  use of  ground
water was a l so equ i val ent to 3 percent of  annual recha rge .  Tabl e F . 3  shows the projected use 
a nd recharge of  groundwater by s ubbasi n for the year 2020 ( B l oyd 1 974 ) .  

The g reatest user of  water and consumer of  freshwater i n  the reg ion i s  the sel f-suppl i ed i ndus
tri al  sector , i nc l uding  e lec tr i c i ty-generating uti l i ti es (Tab le  F . l ) .  Generat ion of hydro
el ectric  power u ses approximately 870 x 1 06 m3/day ( 230 bgd ) , wi th the Ohi o region  ranki ng 
fourth i n  thi s  respect ( U . S .  Geo l og ical Su rvey 1 977 ) .  

Proj ecti ons to the years 2000 and 2020 i nd i cate that devel opment of energy resources (coal , oi l ,  
gas ,  o i l  sha l e ,  and tar sands ) i n  the Ohio  Ri ver bas i n  cou l d  s tres s avai l abl e water s uppl i es .  
Monthly f low vari es cons iderably i n  the Ohio  River bas i n ,  and some upper mai ns tem and tributary 
areas a l ready experi ence l ow- fl ow probl ems . Increased energy deve lopment i n  the Al l egheny , 
Monongahel a ,  Mus k i ngum ,  Sc ioto ,  Mi ami , Hock i ng ,  and Kentuc ky bas i ns cou l d  exacerba te l ow-fl ow 
probl ems . Future energy demand has been seen as reducing the 7-day 1 0-year l ow-fl ow i n  the 
ma i ns tem Ohio  Ri ver by 1 5  percent in 2000 and 35  percent by the year 2020 . Reservoi r devel op
ment ( i n  addi tion to the importation of power)  has been i denti f ied as a pos s i b l e  future need 
( Hyndman and Roach 1 977 ) .  

Tab l e  F . 3 .  Compari son of  Projected Groundwater Wi thdrawa l s  with 
Estimated Groundwater Recharge for the Year 2020 

Tota l a Estimated 
Subba s i n  Wi thdrawal Groundwater 

(mgd ) Recharge (mgd) 

Al l egheny 200 4 , 1 00 

Monongahel a 1 90 2 , 900 

Upper Ohio  Ri ver 290 1 , 600 

Musk i ngum 2 1 0  1 , 600 

Kanawha-Li ttl e Kanawha 320 5 , 1 00 

Sci oto 1 50 600 

B i g  and L i tt l e  Sandy- 1 00 1 ,300 
Guyandotte 

Great and L i tt l e  M i ami 680 1 ,600 

L i ck i n  t ,800 

Wh i te 790 _2 , 500 

Green-Sa l t-Lower Ohio  Ri ver 40 3 , 300 

Cumberl and 1 00 4 ,700 

£as i nwide i ndustrial use 930 

Tota l 4 , 060 35 ,400 

Adapted from B loyd ( 1 974 ) .  
aSummation o f  estimated munici pa l and rural groundwater wi thdrawal s i n  1 960 

and es timated add i ti onal wi thdrawal s .  
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F . 7  U PPER M I S S I SS I PP I  WATER RESOURCE REGION 

The Upper M i ss i s s i pp i  Water Resource Reg i o n ,  w i th an area of a bout  490 , 000 km2 ( 1 90 , 000 s q  m i ) 
( U . S .  Geo l o g i ca l  Survey 1 977 ) , i nc l udes the M i ss i ss i pp i  from i ts headwaters i n  northcentral 
Mi nnesota downs tream to the mouth  of the O h i o  Ri ver and i n termedi a te tri butary sys tems ( such  as 
the M i nnesota , W i s cons i n ,  Des Mo i nes , a nd I l l i no i s  r i vers ) .  The reg i o n  a l so i nc l udes the l owes t  
reach  of  the Mi s souri Ri ver from i ts mout h  near St . Lou i s ,  M i s souri , ups tream t o  the confl uence 
of  the Osage R iver .  Natural  l a kes , found throug hout the bas i n ,  are promi nent features in centra l 
and northern Mi nnesota ( such  a s  Leec h and Mi l l e  Lacs l akes ) ,  refl ecti ng the g l ac i a ted h i s tory of 
the a rea . I n  add i t ion  to the l arge Red Roc k  Reservo i r  on the Des Moi nes Ri ver i n  Iowa , there 
a re many sma l l er impoundments a l ong other waterways . 

Surface waters of the Upper Mi s s i s s i pp i  Water Resource Reg i on are genera l l y  hard ( > 1 20 to 
1 80 ppm hardness a s  CaC03 ) ,  wi th some areas of even greater hardness i n  centra l I l l i no i s  a nd i n  
the wes tern section  of  the reg i o n .  Low l evel s of  d i ssol ved sol i ds « 1 20 ppm TDS ) a r e  genera l l y  
found on ly  i n  western a nd northern W i scons i n .  H i g h  l evel s o f  TDS ( >350 ppm ) are found i n  centra l 
and  northeas tern I l l i no i s ,  central a nd northern Iowa , and southwes tern Mi nnesota . I n termedi ate 
l evel s of d i sso l ved so l ids  a re fou nd e l sewhere i n  the reg i on . Sed iment (TSS ) l evel s are l ow 
« 270  ppm) i n  mos t  of W i scons i n  and Mi nnesota and a l ong the ma i ns tem of the M i ss i ss i pp i  Ri ver as 
far downstream a s  St . Lou i s ,  M i ssouri . The h i g hest  l evel s ( > 1 900 ppm ) are reported from a be l t  
o f  tr i bu tary a reas a l ong the mai nstem ,  i nc l ud i ng parts of  W i scons i n ,  I owa , I l l i no i s ,  and M i s souri , 
a nd from nOl'theas tern Mi ssouri  a nd southea stern Iowa . Intermed i a te l eve l s ( 270 to 1 900 ppm ) are 
found i n  t he remai nder of  Iowa , Mi ssouri , and I l l i no i s  ( Water I nformation  Center 1 97 3 ) . 

Water qual i ty i n  the Upper Mi s s i s s i ppi  Water Resource Reg i on has been adverse ly  affected by a 
var iety of po i nt-source and nonpoi nt-source pol l utants . Po i nt-source  po l l utants , that i s ,  
i ndustr ia l  and mun i c i pa l  d i scharges , have caused e l eva ted l evel s o f  heavy meta l s ,  such a s  the 
mercury contam i nation  prob l em i n  some W i scons i n  streams and cadm i um a nd chromi um contami nation  
in  the Mi s s i s s i p p i  mai nstem ( Wa ter I nforma t i on Center 1 973 ; U . S .  Env i ronmental  Protect ion  Agency 
1 977a ) .  Paperm i l l  was tes have a l so deg raded water q ua l i ty i n  W i scons i n .  D i ffuse d i s c ha rges , 
such  a s  construc t i on a nd urban and agri c u l tura l runoff , have i nc reased d i s so l ved and s us pended 
s o l i ds l oads ( U . S .  E nv i ronmental Protect i o n  Agency 1 977a ) .  Pes t i c i de res i dues have been detec ted 
i n  the ma i nstem of the M i s s i s s i pp i  ( Wa ter  In forma t i o n  Center 1 973 ) .  The southwestern part of 
I l l i no i s  and , to a l es ser extent ,  parts of i owa and Mi ssouri  have experi enced a c i d  m ine  dra i nage , 
part i c u l arly after heavy rai ns a nd runoff ( U . S .  Envi ronmenta l Protec ti on Agency 1 977a ) . The 
Upper M i s s i ss i pp i  Water Re source Reg i o n  has been categori zed as hav i ng major  thermal pol l ut ion  
prob l ems , a l though not as severe a s  the  Great Lakes , New Eng l and , or  Mi d-Atl anti c reg i ons (Water  
Informat ion  Center 1 97 3 ) . 

Br i nes from manufactur ing  processes and o i l  f ie l ds have caused l oca l  water q ua l i ty degrada ti on . 
The Ru bi con Ri ver has  had c h l oride l ev el s of over 600 ppm (Water Resources Coun c i l 1 974 ) .  

I n  the Upper Mi s s i ss i p p i  Water Resource Reg i o n ,  a verag e annual  runoff i s  equ i va l ent to 250 x 1 06 
m3/day ( 6 5  bgd ) .  Of the total off-channel water wi thd rawa l of a bo u t  72 x 1 06 m3/day ( 1 9  bgd ) i n  
1 975 , s u rface freshwater wi thdrawa l s  accounted for 6 1  x 1 06 m3/day ( 1 6  bgd ) ;  g roundwater con
tri buted a bout  9 . 1  x 1 06 m 3/day ( 2 . 4  bgd ) . About 4 percent of freshwater wi thdrawn was actual ly 
consumed . Pu b l i c  s u pp l i es and the sel f-su ppl i ed i ndustr ia l  sector were the primary users of 
g roundwa te r .  The g reatest user of  water in the reg i o n  is the se l f-suppl i ed i ndus tri a l  sector , 
i nc l ud i ng e l ectri c i �-genera t i ng u ti l i ti es (Tab l e F . l ) .  However , the grea tes t consumpti on of  
freshwater was accoun ted for  by r�ral uses . Generat i o n  of hydroe l ectr i c  power uses abou t 
420 x 1 06 m3/day ( 1 1 0 bgd ) , w ith  t he Upper Mi s s i s s i pp i  reg i on ( a l ong w i th the Arkansas- W h i te-Red 
Water Resource  Reg i on )  trai l i ng e i g ht other reg i ons i n  th i s  respect (U . S .  Geo l og i ca l  Survey 1 977 ) .  

The Upper Mi s s i s s i pp i  Reg ion  has a n  est ima ted 1 . 7 x l O l l  m 3  (45 , 000 b i l l i o n  gal ) of potab l e 
g roundwater i n  s torage i n  outwas h  and a l l uv i a l  aqui fers a l one ; i n  add i t i on , several times th i s  
amount i s  probab ly  i n  s torage i n  other types o f  aqui fers . The fou r major types o f  aqui fers a re 
Hol ocene ( Recent)  a l l uv i um ,  outwash , b ur ied va l 'l ey depos i ts ,  and bedrock .  

The a l l uv i a l  aqu i fers are compri sed of g rave l , sand,  a nd s i l t . These depos i ts are found i n  the 
M i s s i s s i ppi  Ri ver va l l ey a nd a l ong the l arger s treams . 

Outwas h  aqui fers are somewha t  more permeab l e than the a l l u v i a l  aqu i fers , bei ng composed of sand 
a nd g ravel . Thes e  g l ac i a l  depos i ts are mos t  common ly found i n  M i nnesota and W i scons i n .  The 
a l l uv i a l  and o u twash  aqu i fers range in thi c kness from 9 to 6 1  m (30 to 200 ft ) .  They have the 
potenti a l  to y i e l d  more than 32 L/s  ( 500 g pm )  to wel l s .  

Bu r i ed val l ey depos i ts a re common i n  eas t- central I l l i no i s ,  where a t  l ea s t  9 600 m2 ( 3700 s q  mi ) 
of a rea a re known . 

The Upper Mi s s i ss i pp i  Reg ion  i s  under l a i n  by bedroc k of various  ages . Three major bedrock 
a qu i fers exi s t :  the  Mount  S i mon-Hi nckl ey ,  the Cambro-Ordov i c i an , and the S i l ur ian-Devon i a n .  
The Mount  S i mo n-Hi n c kl ey ,  wh i c h  i s  o f  Precambrian  to Cambrian  age , i s  a sands tone aqu i fer 
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u nderly i ng southeastern Mi nnesota , western and southern Wi scons i n ,  northern I l l i no i s , and 
eastern I owa . The Cambro-Ordov i c i an aqu i fer con s i sts of a ser i es of sands tones and do l omi tes . 
I t  underl i es southeas tern Mi nnesota , southern Wiscon s i n ,  northern I l l i no i s , Iowa , northwes tern 
Indi ana , a nd eas tern Mi s souri . The Si l ur ian-Devon ian  aqui fer i s  predomi nantly l imes tone and 
dol omi te .  I t  i s  a source o f  water for northeas tern Iowa , northern I l l i no i s ,  southeas tern 
Wi scons i n ,  and northwes tern I n d i ana . The bedroc k  aqui fers have th e potentia l  for yi el d i ng as 
much as 32 L/s ( 500 g pm )  to wel l s .  

Groundwater qua l i ty i n  the Upper Mi s s i s s i ppi  Reg ion  i s  general l y  con s i dered good ; the TDS con
centrati ons are usua l l y  l es s  than 1 000 mg/L . In the bedroc k aqu i fers , however , sal i ne water 
occurs at depth . The g reatest concentrations  of TDS occur i n  southern and central I l l i no i s  and 
wes tern Iowa , where deep sed imentary bas i ns are present.  

Recharge to the vari ous  aqu i fers occurs through i n f i l tra tion  of prec i p i tati o n ,  i n teraq u i fer 
fl ow ,  and from i nfl uent s treams ( Tabl e F . 4 ) .  The major d i scharge areas are the M i s s i s s i pp i  
R i ver val l ey ,  La ke M i c h i gan ,  pumpage , a n d  the I l l i no i s  s tructural bas i n .  The rate of grou nd
water movement  through the reg i on ranges from a meter to perhaps a hundred meters per yea r .  

Tabl e F . 4 .  Summary o f  Groundwater Recharge Computat ions  

Estimated 
Groundwater 

Sub-ba s i n  Rec harge Sub-bas i n  
Area Prec i p i tation 

Sub-ba s i n  ( s q  mi l es )  cfsa mgd ( % )  

Mi s s i s s i ppi  headwaters 28 , 1 00 7 , 300 4 , 700 1 4  

Ch i ppewa-Bl ac k 1 3 , 1 00 3 , 400 2 , 200 1 2  

Wi scon s i n  1 2 ,800 4 , 500 2 , 900 1 5  

Roc k 1 4 , 500 4 , 650 3 , 000 1 3  

I I I  i n o i s  29 , 600 4 , 450 2 , 900 6 

Kas ka s k i a  7 , 000 1 , 1 00 700 6 

B i g  Muddy 2 ,800 200 1 50 3 

Meramee 7 , 00 1 , 900 1 , 250 9 

Sal t 4 , 500 250 1 50 2 

Fox-Wyaconda- Fa b i u s  3 , 000 1 50 1 00 2 

Des Mo i nes 1 4 ,800 1 , 050 700 3 

S kunk  4 , 600 650 400 6 

I owa-Cedar 1 2 ,800 1 , 900 1 , 250 6 

Turkey-Maquo keta-Upper 8 ,800 2 , 200 1 , 400 1 0  
I owa-Wa ps i p i n i con 

Cannon-Zumbro-Root 5 , 700 1 , 250 800 1 0  

Mi nnesota 1 6 , 900 850 550 3 

Total 2 3 , 1 50 

From B l oyd ( 1 97 5 ) .  
acfs = cub ic  feet per second . 

Al l base-year ( 1 960)  rural  water was deri ved from g roundwater reservoi rs ( Tabl e F . 5 ) . The 
a nnual domesti c ,  c ommerc ial , a nd rural u se of groundwater was approxima tel y 3 . 4  x 1 0 6  m3/day 
( 900 mgd ) ,  wh i c h  i s  4 percent of recharge [8 . 7  x 1 07 m 3/day ( 23 , 000 mgd ) ] . I ndustri al use of 
g roundwater was on ly  3 percent o f  recharge in  1 96 5 ,  or 2 . 4  x 1 06 m 3/day ( 629 mgd ) ( B l oyd 1 975 ) .  
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Tab l e  F . 5 .  Base-Year ( 1 960 ) Domes ti c ,  Commerc i a l , and Rura l 
Groundwater Use ( mgd )  

Domes t i c  Rura l Domest i c  
Subbas i n  and Commerc i a l  a n d  L i vestock 

Mi s s i s s i pp i  headwaters 56 41  

C h i ppewa-Bl ack  1 1  22 

W i scon s i n  2 3  24 

Roc k  8 3  30 

I I I i no i s 1 54 75 

Kas ka s k i a  9 1 1  

B i g  Muddy 0 . 4  5 

Meramec 9 1 1  

Sa l t  2 1 1  

Fox-Wyaconda-Fa b i u s  0 . 6  5 

Des Mo i nes  23 48 

Skunk  8 1 6  

Iowa-Cedar 37 52 

Turkey-Maquo keta-Upper 1 5  36 
Iowa-Wa ps i p i n i con 

Cannon -Zumbro-Root 1 5  1 7  

Mi  nnesota 1 6  35 

Tota l s 462 439 

From B l oyd ( 1 975 ) .  

Total 

9 7  

33  

47 

1 1 3  

229 

20 

5 

20 

1 3  

6 

7 1  

24  

89  

5 1  

3 2  

5 1  

9 0 1  

A project ion  of  water supp ly  ava i l ab i l i ty unt i l  t h e  year 2020 h a s  concl uded tha t ,  o n  a reg ional  
bas i s ,  supp l i es wi l l  be adequate to  accommodate expec ted demand . However ,  compared wi th mos t  
o ther eas tern reg i ons , prec i p i tation  and runoff are l ow and more variab l e .  As a res u l t ,  a l arge 
concentra t i on of  water demands cou l d  cause l oca l  l ow-fl ow probl ems , even on the ma i nstem of  the 
Mi s s i ss i pp i , unti l downstream tri bu ta ry repl en i s hment was suffi c i en t  ( Hyndman and Roac h  1 977 ) .  

F . 8  LOWER M I SS ISS I PP I  WATER RESOURC E  REG I ON 

The Lower Mi s s i s s i ppi  Water Resource Reg i o n ,  wi th an a rea of about 2 50 , 000 km2 ( 96 , 000 sq mi l 
( U . S .  Geo l o g i ca l  Survey 1 977 ) , i nc l udes the l ower ma i ns tem of the Mi s s i s s i ppi  R i ver , the l argest 
r i ver in North America , from southern Mi s souri  to the del ta in Lou i s i a na .  The reg i o n  a l so 
i nc l udes the l ower reaches of maj o r  tri bu tary sys tems ( Arkansas , Red , Whi te , and Yazoo r i vers ) ,  
a s  wel l as  sma l l er tri b u tar i es . Na tu ra l l a kes a re not i mportant s urface features of the reg i o n ,  
except i n  coastal Lou i s i ana . A noteworthy exception  i s  Ree l foot Lake i n  northwes tern Tennessee , 
w h i c h  was formed by a n i neteenth century earthquake.  Reserv o i rs are abundant in  the reg i o n , 
however,  i nc l ud i ng those i n  Mi s souri  ( Wa ppapel l o  Reservo i r ) , Arkansas-Lou i s i ana ( B ayou Bodcau  
Reservo i r ) , and Mi s s i ss i pp i  ( Arkabutl a Reservo i r ) . The Lou i s i ana coa s t  has  an abundance of 
bayous , bays , and coas ta l  l a kes . 

Surface wa ters i n  the Lower Mi s s i s s i pp i  Water Resource Reg i o n  are genera l l y  of modera te hardness 
( 60 to 1 20 ppm hardnes s a s  CaC03 ) in the Mi s s i s s i ppi  R iver ma i n s tem , l ower rea ches of  tri b u ta ry 
a rea s , and the del ta a rea , except for bel ow Baton Rou g e ,  Lou i s i a na ,  and above the mou th of the 
Arkansas R iver ,  where hard water ( 1 20 to 1 80 ppm) i s  found . Otherwi s e ,  porti ons of  the reg i on 
more than abou t 80 km ( 50 mi l from the Mi ss i s s i pp i  River a re typ i c a l l y  soft « 60 ppm ) .  D i s 
s o l ved so l i ds a l ong the M i s s i s s i pp i  Ri ver mai n s tem , Red River , a n d  i n  coas ta l  Lou i s i ana a re 
g enera l l y  i n  the 1 20 to 350 ppm rang e .  H i g her l evel s ( >350 ppm TDS )  are found a l ong the Ouach i ta 
a nd Ar kansas r ivers . Otherwi se , TDS l evel s are typ i ca l l y  l ow « 1 2 0  ppm ) . Suspended s ediment 
( TS S )  l oads are in  the 270 to  1 900 p pm range a l ong the Mi s s i ss i ppi  R iver mai ns tem and in  the  
u pper Ouac h i ta Ri ver bas i n .  The  h i g hest  l evel s ( 1 900 ppm and above )  are found in  a bel t of 
u p l ands run n i ng from southwes tern to northern Mi ss i s s i pp i . Otherwi s e ,  l evel s are l ow « 270 ppm ) 
( Wa ter Information  Center 1 973 ) .  



F - 1 3 

Nonpoi nt-source water pol l ution  i s  a serious  probl em i n  the Lower Mi s s i s s i pp i  reg i o n ,  and  on� 
w h i c h  i s  not eas i l y  control l ed .  The i mporta nce of agri c u l tural opera ti ons i n  the reg i on 
( ref l ec ted i n  water use )  a l so l a rgel y determi nes the na ture of water q u a l i ty probl ems ( U . S .  
Env i ronmental Protection  Ag ency 1 977a ) . Agr i c u l tural ru noff , espec i a l l y  runoff of bacteri a ,  
pesti c i des , and  sed iments , for examp l e ,  may resu l t  i n  the fa i l ure of s treams i n  Arkansas to mee\ 
water qua l i ty goa l s ;  pes t i c i de res i d ues have been found i n  the Mi s s i s s i pp i  ma i ns tem and i n  l ower 
tr i butary reac hes ( Water I n forma t i on Center 1 97 3 ;  U . S .  Env i ronmental  Protec t i o n  Agency 1 977a ) .  
Po i n t  sources , s uc h  as i nd u s tr i a l  a nd mun i c i pal  was te d i scharges , may be contro l l ed wi th was te 
trea tment faci l i ti es ;  th i s  h a s  been shown , for examp l e ,  i n  the control of muni c i pa l  was te d i s 
c harges by t h e  s ta te o f  �li s s i s s i pp i  i nto t h e  Mi s s i ss i ppi  R i ver (U . S .  Envi ronmental  Pro tect ion  
Agency 1 977a ) .  

Prev i ous  and cont i nu i ng rel eases , however,  have contam i na ted major s treams wi th toxi c el ements 
s uc h  as arsen i c ,  cadmi um , and mercury ( Wa ter I nforma t i on Center 1 973 ) .  Surface wa ters i n  
Arka nsas  have been adverse ly  affected by ac i d dra i nage (from bauxi te m i nes ) and o i l f i e l d bri ne 
po i nt-source a nd d i ffuse rel ea ses ( U . S .  Env i ronmental Protecti on Agency 1 97 7a ) .  

The Lower Mi s s i s s i pp i  Reg i o n  i s  c haracteri zed by unconso l i da ted to sem i conso l i da ted de l ta i c  a nd 
f l u v i a l  mater i a l , wh i ch compri ses the mos t  product ive aqu i fers u nder l a i n  by conso l i da ted sed i 
mentary and crysta l l i ne roc ks a t  depth . The sed i ments range i n  th i c kness from s everal tens of 
me ters ' to severa l  thousand meters , w i th the s trata th i c ken i ng toward the Gu l f of Mex i co .  A 
typi ca l  g eo l og i c  sec t i o n  s hows prima r i l y  sands and s i l ts i n ter bedded wi th c l ays . �1i nor grave l s 
and  marl s are a l so present i n  the sec t i o n .  Stream val l ey sediments are l oca l l y  good aqu i fers . 
The Lower Mi s s i s s i ppi  Reg i on conta i ns some of the mos t  extens i ve ,  prol i f i c  aqu i fers i n  the 
U n i ted States ; the mos t  we l l  devel oped of  these sand and gravel depos i ts are to be found i n  
eas tern Arkansas , wes tern Tennessee , and sou thwestern Lou i s i a na .  

The groundwater q u a l i ty i s  genera l l y  good across  the reg i o n .  Sal i ne water occurs a t  depth and  
toward the mouth  of the Mi s s i s s i pp i  (Wa l ton 1 970 ) .  

I n  the Lower Mi s s i ss i pp i  Water Resource  Reg i o n ,  average annua l  runoff i s  equ i va l ent to 300 x 1 06 
m3/day ( 7 9  bgd )  ( U . S .  Geo l og ica l  Survey 1 97 7 ) .  An add i tiona l  1 330 x 1 06 m 3/day ( 352 bgd )  fl ow 
i nto the reg i o n  from ups tream reg ions  ( Wa ter  Resou rces Counc i l  1 974 ) .  Of the to ta l off-channel 
water wi thdrawal of a bout  6 1  x 1 06 m 3/day ( 1 6  bgd ) in 1 97 5 ,  surface  fres hwater wi thdrawa l s 
accounted for a bout  42 x 1 06 m 3/day ( 1 1  bgd ) ;  fresh  groundwa ter accounted for mos t  of the rema i n
d e r .  About 34 percent o f  freshwater wi thdrawn was actua l l y  consumed . The grea tes t user of 
water i n  the reg i on is the sel f-suppl i ed i ndustria l  sec tor , i nc l ud i ng el ectr i c i ty-generati ng 
u t i l i ti es ( Tab l e F . l ) .  However , the greatest fres hwater consump t i on was accounted for by i rr i ga
t i o n .  Genera t i on of hydroel ectr i c  power uses  abo u t  1 6  x 1 06 m3/ day ( 4 . 1  bgd ) ,  ma k i ng the 
reg ion  the fourth sma l l es t  u ser i n  the contermi nous Un i ted States i n  th i s  respect (U . S .  Geo
l og i c a l  Survey 1 977 ) .  

A projection  of  water supp ly  ava i l a b i l i ti es to the yea r 2020 i nd i c a tes tha t the r2g i o n  wi l l  
proba b l y  have adequate supp l i es for expected energy deve l o pment (e l ectr i ca l  genera ti o n  and  othe� 
techno l og i es ) ,  even if the reg ion  must supp ly  power to the urban centers of Arkansas a nd south
eas tern Texa s . However , ma i nta i n i ng suff i c i ent fl ows in  the r�i s s i s s i pp i  R i ver ( for s a l twa ter 
repu l s i on at New Orl eans , Lou i s i ana , for nav i ga t i on , and for env i ronmental consi dera ti ons ) may 
be a probl em i f  ups tream reg i on s  consume l a rge amounts of water ( Hyndman and Roac h  1 977 ) .  

F . 9  ARKANSAS-WH I TE-RED WATER RESOURCE REGION  

The Arkansas-Whi te-Red Water Resource Reg i o n ,  wi th a n  area of  abo u t  685 , 000 km2 ( 265 , 000 sq  mi l 
( U . S .  Geo l og i c a l  Survey 1 977 ) ,  i nc l u des a l l but the l owes t  reaches of the Arkansas , W h i te , and  
Red r i ver sys tems and thei r tr i bu tary sys tems ( C i mma ro n ,  Canad i a n ,  Wash i ta ,  a nd Neosho ri vers ) .  
A l though the reg i o n  does not have a n  abundance of  natural  l a kes , mos t  of the major s treams have 
been impounded . Promi nent reservoi rs exi s t  on the Red Ri v er ( Lake Texoma ) ,  Arka nsas Ri ver ( Kaw 
a nd Keys tone reservo i rs ) , and Wh i te Ri ver ( Beaver,  Ta b l e Roc k ,  Bu l l Shoa l s ,  and Norfo l k reser
v o i rs ) ,  i n  add i ti on to those on tr i bu ta ri es ( s uch  a s  Eufa l a  on the Canadi a n  R i ver and Lake of 
the Chero kees on  the Neosho Ri ver) . 

Surface waters of the Ar kansas-Wh i te-Red range from soft to moderatel y  hard « 60 to 1 20 ppm 
hardness as CaC0 3 ) i n  the eas tern parts of the bas i n  ( sou theas tern O kl ahoma , southern M i ssouri , 
a nd Arkansas ) to moderatel y hard and to ha rd ( 60 to 240 ppm )  i n  the central and upper reaches of 
the Arkansas and  Red r i ver systems . The hardest surface waters are found i n  northeas tern 
O k l a homa and southeastern Kansas . To ta l  d i s sol ved so l i d s  i n  s urface are typ i ca l l y  h i g h  ( >350 ppm ) 
throughout the wes tern parts of the reg i o n  a nd i n  the l ower ma i ns tems of the Arkansas  and Red 
r i vers ; portions  of the u pper Red Ri ver , Arkansas  Ri ver ,  and Cana d i a n  Ri ver drai nages have 
sa l i n i t i es exceedi ng 1 000 ppm .  Areas i n  sou theas tern Okl ahoma a nd i n  Arkansas have l ow l ev el s 
o f  TDS « 1 20 ppm ) , whi l e  i ntermed i a te l eve l s of TDS are found i n  the trans i ti on zone ( eas tern 
Ok l a homa , southea s tern Kan sa s , sou thern Mi s souri , northwestern Arkansas ) .  D i s tri but ion  of 
s u spended s ed i ment ( TSS ) c o ncen trati ons exh i b i ts a s im i l ar pattern : hi ghest  val ues ( > 1 900 ppm ) 
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i n  t h e  wes tern pa rts of  t he reg ion , l ow t o  i ntermedi a te va l ues « 1 900 ppm ) i n  t h e  eastern parts 
( Wa ter I n forma t i o n  Center 1 973 ) .  

Po i nt sources ( s u c h  as a l ong the Arka nsas  R iver  ma i ns tem i n  Kansas )  have been respons i bl e for 
pa rt of  the su rface-wa ter qua l i ty probl ems in the reg i o n .  Howeve r ,  the nonpo i nt sources a re 
more important  on a reg i onal ba s i s  a nd more d i ff icu l t to con trol . These i ncl ude sources such  a s  
u rban- i ndustr ia l  runoff , agricu l tu ra l  runoff,  a nd na tura l m i nera l i zation . Sal t a n d  gypsum 
format i ons i n  Ok l a homa contri bute to the mi nera l i zation  of surface waters ; i n  Kansas , s tream 
wa ter u s e  i s  l im i ted by natura l  m i neral i za ti o n .  The add i t i o n  of d i ssol ved sol i d s  and nutri en ts 
contr i bu tes to the overa l l degrada t ion  of wa ter qual i ty from headwaters to l ower reaches ( U . S .  
Envi ronmenta l Protec t i on Agency 1 977a ) .  Pes t i c i de res i dues and el evated trace  el ement ( such  a s  
l ead , arsen i c ,  a nd cadm i um )  concentrations  h a v e  been reported i n  surface waters (Water Informa 
t ion  Center 1 973 ) .  

In  the Arka nsas-W h i te-Red Wa ter Resource Reg i o n ,  average annual runoff i s  equ i va l ent  to 
280 x 1 06 m3/day ( 7 3  bgd ) . Of the tota l  o ff-channel wa ter wi thd rawal of about  57 x 1 06 m3/day 
( 1 5  bgd )  i n  1 97 5 ,  su rface freshwa ter wi thdrawa l s on ly  accounted for a bout  24 x 1 06 m3/day 
( 6 . 2  bgd ) ;  fres h g rou ndwater contri buted a l most  a l l the rema i nder . Surface-water wi thdrawal s 
are domi nant i n  the ea s tern part o f  the reg i o n ,  w i th g roundwater wi thdrawa l s  dom i nant  i n  the 
wes tern and c entra l parts . About  60 percent of  fres hwater wi thdrawn was cons umed . Irr i gation  
is  c l ea r l y  the dom i nant  user a nd consumer of  a l l waters i n  the reg i o n  ( Tabl e F . 1 ) ( U . S .  Geo
l og i cal  Survey 1 97 7 ) . Imports from the Upper Co l orado reg i o n  are used to augment surface waters 
i n  the ful l y  appropr i a ted upper Arkansas Ri ver bas i n  ( Col orado , New Mexi co ) ( Water Resources 
Counc i l  1 974 ) .  

Genera t i on of hydroel ectri c power uses a bo u t  420 x 1 06 m3/day ( 1 1 0  bgd ) ,  cau s i ng the Arkansas
W h i te-Red Wa ter Resource Reg ion  ( a l ong w i th the Upper Mi s s i ss i pp i  reg i o n )  to tra i l  e i ght  o th er 
reg i ons i n  th i s  respec t ( U . S .  Geo l og i ca l  Survey 1 977 ) .  

Aqu i fers i n  the Arka nsas-Wh i te-Red reg ion  conta i n  an est i ma ted 2 . 46 x 1 0 1 2  m3  ( 2  b i l l i o n  acre-
ft )  o f  freshwater in s torage .  These aqu i fers can be c l a s s i fi ed i n to four genera l  types : a l l uv ia l , 
carbonate and gypsum ,  sand a nd sandstone, and undi fferent i a ted conso l i da ted roc ks ( Tab l e F . 6 ) . 

Al l uv i a l  a q u i fers i nc l ude stream val l ey ,  terrace ,  and i n termontane val l ey depos i ts ,  cons i s ti ng 
primari l y  of sand a nd g rave l . The total a rea covered by s tream va l l ey a 1 1 uv,i um a l one i s  more 
than 7 2 , 520 km2 ( 28 , 000 sq  m i l .  Al l u v ia l  t h i c knesses range from 1 5  to 1 500 m ( 50 to 5000 f t ) . 
Wel l y i e l ds vary between 3 a nd 300 L/s ( 50 to 5000 g pm ) . 

The sand and sandstone aqui fers cons i s t  o f  unconso l i da ted sand a l ong the Coa s ta l  P l a i n  and 
consol i da ted sandstone  u nderl y i ng the H i g h  P l a i ns and Centra l  Lowl and areas . Aqu i fer th i c knes s 
i s  from 30 to 1 50 m ( 1 00 to 500 ft) . Wel l y i el ds typ i ca l l y  range from 0 . 6  to 60 L/s ( 1 0  to 1 000 
g pm ) . 

The carbonate rock aqu i fers are compr i sed of dense l imestones a nd do l omi tes of Pal eozo i c  age . 
Ou tcrop a reas i nc l ude the Ozark Pl a teaus o f  Mi ssouri  and Arkansa s . Gypsum a q u i fers occur i n  
sou thwest  Ok l a homa a nd northern Texa s .  Permea b i l i ty wi th i n  these aqui fers i s  secondary because  
o f  d i sso l u t i on o f  the bedrock  a l ong j o i nts and beddi ng p l a nes . T h i c knesses range from 1 5  to 460 
m ( 50 to 1 500 f t ) . Wel l y i e l ds are from 3 to 60 L/s ( 50 to 1 000 g pm ) . 

Undi fferentia ted conso l i da ted roc k  a q u i fers occ u r  l oca l l y  throughout the reg ion . Th i c knes s es 
vary between 30 to 1 500 m ( 1 00 to 5000 f t ) . Production  i s  l ow ;  wel l y i el ds typ i ca l l y  do not  
exceed 3 L/s  ( 50 g pm ) . 

Groundwa ter qual i ty varies  from fres h to sal i ne w i t h i n  the reg i o n ,  both geogra p h i ca l l y  and w i th 
d epth . I n  g enera l , the  TDS concentrat ion  i s  l owes t i n  the eas tern part of the reg i o n .  Sal i ne 
g rou ndwa ter ( TDS concentra ti on exceed i ng 1 000 mg/ L )  occ u rs a t  depths of l ess  than 1 50 m ( 500 ft ) 
over much of the reg i o n ,  a s  wel l as i n  a reas underl a i n  by sha l e and gypsum and where pol l u ti on 
by o i l -f i el d br i ne  has occurred . 

Recharge to the g rou ndwater reservo i rs varies  across the reg ion . In the sem i a r i d  wes tern portion 
o f  the  reg io n ,  recharg e  may be a s  l i ttl e as 0 . 00 1 3  to 0 . 01 3  m/year ( 0 . 05 to 0 . 5  i n . /year ) .  
Recharge to a q u i fers i n  the hum i d  eas tern portion of the reg ion  may reach  0 . 51 m/year ( 20 i n . /yea r .  
Di scharg e  ta kes p l ace throug h eva potra ns p i ration  a nd contri bution t o  s tream fl ow .  

Groundwater use  i n  the Arkansas-Wh i te-Red averaged 3 . 3  x 1 07 m3/day (8 . 8  bgd ) ( 59 percent of 
total wa ter u s e )  i n  1 97 5 .  The primary use was for crop  i rri gation  in porti ons of Texas ,  O kl ahoma , 
Kansas ,  a nd Co l orado . Other uses i nc l ude prov i d i ng rura l and mun i c i pa l  s u ppl i es ( Bedi nger and 
Sn i egoc k i  1 97 6 ) . 

A proj ection to and beyond the year 1 985 has  i nd i cated tha t wa ter suppl i es i n  the Arkansas
W h i te-Red reg ion  wi l l  be suff i c i ent to meet expected energy needs . Areas of  g rowi ng demand ( the  
westernmos t  part  of the reg i o n )  do not have suffi c i en t  water suppl i es ,  b ut  demands may be  met  by 
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purchase of exi s t i ng water outl ets and by water devel opmen t projects . L imi tations  on wa ter use 
a l so exi s t  because of natura l a nd man-made pol l utants . Loca l effects on groundwater l eve l s  and 
a rtes i a n  pressures may resu l t  from i ncreased pumpi ng ( Water Resources Counci l  1 974 ) .  

F . 1 0  TEXAS GULF WATER RESOURCE REG ION 

The Texa s Gu l f  Wa ter Resource Reg ion ,  w i th an  area of about 450 , 000 km2 ( 1 7 5 , 000 sq mi l ( U . S .  
Geo l o g i ca l  Survey 1 977 ) ,  i nc l udes ri ver systems dra i n i ng mos t  o f  Texas and porti ons o f  south
eastern New Mex i co and western Lou i s i ana . Dra i nage i s  towards the Gul f of Mex i co , wi th the 
coas ta l  area i nc l ud i ng bays at the mouths of the s treams and beh i nd barrier  beac hes . Prom i nent 
r i ver sys tems i nc l ude the Sa b i ne ,  Tr i n i ty ,  Brazo s ,  Col orado ,  and Nueces ri vers . Major res ervo i rs 
a re present i n  central and eastern Texas (To l edo Bend , Sam Rayburn , Whi tney , and Bel ton reser
voirs  and La kes Trav i s  and Bu chanan ) .  

Hardness of surface waters general ly  i ncreases i n  a sou thwes tward d i rection  from soft « 60 ppm 
hardness as CaC03 ) i n  the eastern parts of the reg i on (Sab ine  and Neches r i ver bas i ns )  to 
moderate ( 60 to 1 20 ppm) i n  the Tr i n i ty R i ver bas i n  and to hard ( 1 20 to 1 80 ppm ) i n  the Brazos , 
Col orado , and l ower Nueces r i ver bas i n s ;  hardness i ncreases to very hard ( 1 80 to 240 ppm ) i n  the 
u pper Nueces R iver bas i n  of southwestern Texas .  D i sso l ved sol i d s  l eve l s  i n  surface waters are 
h i g hest ( >350 ppm TDS ) a l ong the coast and i n  the upper ri ver bas i ns of northwes tern Texas . 
Modera te l evel s of TDS ( 1 20 to 3 50 p pm )  are found i n  parts of eastern and centra l Texas , wh i l e  
l owest l evel s « 1 20 ppm )  are found i n  the l ower Neches R i ver bas i n  area i n  southeas tern Texas 
( Water I nformati on Center 1 973 ) . I n  genera l , water qual i ty decreases wi th i ncreas i ng arid i ty .  
Groundwater contri buti ons h i gh i n  sa l t  and gypsum affec t the upper Brazos R i ver bas i n  (Water 
Resources Counc i l  1 974 ) . Stream sed iment (TSS)  l evel s genera l ly range from l ow « 270 ppm ) i n  
the l ower Neches ma i ns tem to moderate ( 270 to 1 900 ppm )  i n  eas tern , coas ta l , and northwes tern 
Texas and to h i gh ( > 1 900 ppm) i n  central Texas and the upper Nueces R i ver bas i n  (Water I nforma
t i on Cen ter 1 97 3 ) . 

Heavy meta l s  ( i nc l ud i ng mercury ) and pes tic ides have been identi fi ed a s  po l l utants present i n  
Texas waters ( Water I nformation Center 1 973 ) . Bri ne d i s posal  has a l so caused severe l ocal 
s a l i n i ty prob l ems , a l thoug h control measures have l im i ted adverse effects ( U . S . Envi ronmental 
Protection  Agency 1 977a ) . Sa l twater i ntrus ion  i n  the coasta l  groundwater of east Texas and wes t  
Lou i s iana h a s  resul ted from groundwater pumpi ng (Water Resou rces Cou nc i l  1 974 ) .  

I n  the Texas Gu l f  Wa ter Resource Reg ion ,  average annua l runoff i s  equ i va l ent to 1 20 x 1 06 m3/day 
( 32 bgd ) .  Of the tota l off-channel water wi thdrawa l of about 83 x 1 06 m 3/day ( 22  bgd ) i n  1 975 , 
surface freshwater wi thdrawa l s  onl y accounted for approx imate ly  37 x 1 06 m 3/day ( 9 . 7  bgd ) ;  fresh 
groundwater [27  x 1 06 m 3/day ( 7 . 2  bgd ) ]  and sa l i ne surface water [ 1 9  x 1 0 6  m3/day ( 5 . 1  bgd ) ]  
contri buted the rema i nder . About 47 percent of fres hwater w i thdrawn was consumed ( U . S . Geo
l og i ca l  Survey 1 977 ) .  

S i g n i f i cant groundwater reservoi rs underl i e  more than 80 percent of the l and area i n  the Texas
Gu l f  reg i o n .  There are twe l v e  reg iona l l y  i mportant  aqu i fers conta i n i ng water with  total d i sso l ved 
so l i ds concentrations  l ess  than 3000 mg/ L .  

The H ic kory aqu i fer under l i es portions o f  the Edwards P l a teau and L l ano Up l ift  o f  centra l  Texas , 
for a tota l area of 1 2 , 950 km2 ( 5000 sq mi l .  The aqu i fer , wh ich  cons i s ts primar i l y  of sand and 
sandstone , i s  more than 1 22 m (400 ft)  t h i c k ,  extendi ng downward for near ly  1 520 m ( 5000 ft ) . 
Larger capac i ty wel l s  compl eted i n  the H i c kory y i e l d  between 1 3  to 32 Lis ( 200 to 500 gpm ) . 

The E l l enburger-San Saba aqu i fer , which  surrounds the L l ano Upl i ft ,  has  a surface area of 1 0 , 360 
km2 ( 4000 sq m i l .  The aqu i fer con s i sts of  more than 305 m ( 1 000 ft )  of l imestone and do l omi te ,  
extendi ng to depths of 9 1 4  m ( 3000 ft) . Y i el ds of l arger capaci ty wel l s  reach 63 Lis  ( 1 000 gpm ) . 

The Santa Rosa aqui fer i s  l oca ted eas t  of the H i g h  P l a i ns and has  a surface area of 2590 km2 
( 1 000 sq mi l .  The Santa Rosa , whi c h  produces at depths as great as 1 37 m ( 450 ft ) ,  i s  compri sed 
of sand and grav el . The average y i e l d  of l arge capac i ty wel l s  i s  1 6  Lis ( 250 gpm ) . 

The Tri n i ty aqui fer ' s  primary area of u se i s  the Da l l a s-fort Worth reg i on . The surface area of 
the aqui fer i s  approximatel y 5 1 , 800 km2 ( 2 0 , 000 sq mi l .  The max imum thi ckness of the i n terbedded 
sand ,  s ha l e ,  and l imestone u n i ts i s  366 m ( 1 200 ft ) ;  they extend to a maximum depth of 1 060 m 
( 3500 ft ) .  

The Edwards-Tr i n i ty ( P l ateau ) aqui fer underl ies  porti ons of the Edwards Pl ateau for an area of 
38 , 200 km2 ( 1 5 , 000 sq  mi l .  The major produc i ng zones are sand , sandstone , and honeycombed 
l imes ton e ;  the maximum th i c kness i s  305 m ( 1 000 ft ) .  Wel l y i e l ds can exceed 1 90 Lis ( 3000 gpm ) . 

The Edwards (Ba l cones Fau l t  Zone )  aqui fer l i es between the Edwards P l a teau and the Gul f Coa s ta l  
Pl a i n ,  a l ong t he  Ba l cones Escarpment,  for an  area of 6470 km2 ( 2500 sq mi l .  A 1 52-m ( 500-ft ) 
t h i c k  zone of fractured l imestone and dol omi te prov ides the enti re wa ter s upp l y  for metropol i tan 
San Antoni o ,  Texas .  Some wel l s  y i e l d  more than  1 000 Lis ( 1 6 , 000 g pm ) . 



Aqui fer Type 

Stream val l ey 
al l uvium 

Terrace 
al l uvium 

Al l uvium of 
intennontane 
val l eys and 
buried al l u
vial val l eys 

Carbonate and 
gypsum 

Sand and sand
stone 

Tab l e F . 6 .  Princ ipal  Aqui fers i n  the Arkansa-Whi te-Red Reg ion 

Nature of Rock 

Sand and gravel 

Sand and g ravel 

Th ickness Areal Extent 
( ft )  

50-200 Al ong l arge streams 
in fl ood p l a ins . 
Extens ive in  
Coastal P l a in  of  
Arkansas and 
Lou i s iana 

Depth to 
Water ( ft)  

0-30 

50-600 P l a ins  of Texas , New 50-300 
Mexico,  Colorado , 
Kansas , and Okl ahoma 

Sand and g ravel  1 00-5000 Arkansas Ri ver bas in 
in Col orado 

0-50 

Limestone and 50- 1 500 
dol omi te and 
gypsum beds .  
Genera l l y  a 
dense roc k ,  but 
subject to solu-
tion a l ong frac-
ture and bedding 
pl anes 

Sand grains  rang- 1 00-500 
i ng from very 
fine to coarse . 
Genera l l y  cemen-
ted with s i l iceous 
materi a l  or carbo-
nate . Unconsol i -
dated i n  the 
Coastal P l a i n  

L imes tone and dolo- 30-450 
mite in southern 
Missouri , northern 
Arkansas , south-
eastern Kansas , and 
Okl ahoma . Gypsum 
in Okl ahoma and 
Texas 

Sandstone pri ncipa l ly 20- 300 
in Kansas , New 
Mexico,  and Okl ahoma 
Sand in Coas ta 1 
P l a i n  of Arkansas , 
Texas , and Lou i s i ana 

Hydraul ic  
Conduct i v ity 

( ft/day ) 

1 00-1 500 

1 0-700 

1 0-700 

50-1 500 

a 

Wel l 
Y iel ds 

( gpm) 

300-5000 

50-1 000 

50-1 000 

50-1 000 

1 0- 1 000 

Groundwater 
Devel opment and Use in Storage 

( acre-ft x 1 08 )  

Extensive ;  princi pal 2 . 8 
source of ground-
water;  frequently 
overdevel oped . Not 
used in some areas 

Extens i ve s ubject to 
overdevel opment and 
water mining , particu
l arly in  H i gh P lains  
of Texas 

Extens ive subject to 
overdevel opment and 
water mining , particu
l arly in H i gh P la ins  
of Texas 

Moderately to heavi ly de
vel oped ; overl ooked as 
a source of water in 
some area s .  More sub
ject to pol l ution than 
other aqui fers because 
of cavernous nature 

Extens i ve ;  subject to 
overdevel opment and 
water mi ning . Loss 
of artesian head in 
many areas rang ing 
from 2 to 300 ft 

4 . 1  

0 . 2  

3 . 2  

7 . 9  

...., I 
0'1 



Ta bl e F . 6  (conti nued ) 

Aqu ifer Type 

Undi fferenti ated 
sandstone , 
carbonate , 
shal e ,  or  
basal t 

Nature of  Rock  Thi ckness 
( ft )  

Conso l i dated 1 00-5000 
rocks , i nc l ud ing 
sa nds tone , i n-
terbedded shal e ,  
carbonate , and 
crystal l i ne 
i gneous rocks 

From Bedi nger and Sniegocki ( 1 976 ) . 
aGenera 1 1 y  l ess than 1 00 ft/day . 
bGenera 1 1y l ess than 1 0  ft/day . 

Areal Extent Depth to 
Water ( ft )  

Sandstone , carbo- 1 200 
nate , and sha le  
l ocal l y  through-
out reg ion;  
basal t i n  parts 
of New Mex ico ,  
Co l orado , and 
northwestern 
Okl ahoma 

Hydraul i c  
Conducti v ity 

( ft/day ) 

b 

Wel l 
Y ields  

( gpm )  

5-50 

Groundwater 
Devel opment and Use in Storage 

( acre-ft x 1 08 )  

Ma inly domest ic  use , 2 . 2  
not heavy , concen-
trated use , because 
of l ow permeab i l ity 
and l ow wel l yi el ds . 
Di ffi cul t  to predict 
wel l yi el ds 

""T1 I 
� 
" 
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The Woodbi ne aqui fer underl ies a n  area o f  1 5 , 500 km2 ( 6000 sq mi l near the i n l and extent of the 
Coas ta l  Pl a i n .  The aqu i fer i s  compr i sed of a 1 83-m ( 600-ft ) th i c k  sequence of sand , sands tone ,  
a nd s ha l e ,  extend i n g  to a depth of  61 0 m ( 2000 ft) . Maximum wel l y i e l ds are 44 LI s ( 700 gpm ) . 

The Carri zo-Wi l cox aqu i fer has a total area of 77 , 700 km2 (30 , 000 sq mi l ,  boundi ng the Coa s ta l  
Pl a i n  i n  a band 48  to  1 29 km ( 3 0  to  80  mi l wide . The i n terbedded sand a nd c l ay reac hes a th ick
ness  of  9 1 4  m ( 3000 ft) . Some l arge capac i ty wel l s  produce as muc h as 1 90 LIs  ( 3000 gpm ) .  

The Queen C i ty aqu i fer has a n  effec t i ve surface area of 3 6 , 300 km2 ( 1 4 , 000 sq mi l ,  underl y i ng 
portions of the Coa s ta l  Pl a i n .  Fres h water i s  produced down to 61 0 m ( 2000 ft ) from a 1 52-m 

. ( 500-ft)  t h i c k  zone of i nterbedded sand and c l ay .  Mos t  wel l  y ie l ds are cons i dered to be l ow ;  
however ,  some exceed 2 5  LIs (400 g pm ) . 

The Sparta aqui fer underl i es the Queen Ci ty and overl i es the Carri zo-Wi l cox aqui fers for an area 
of 2 3 , 300 km2 ( 9000 sq mi l .  The production  zone i s  a n  i nterbedded sequence of sand and c l ay up 
to 1 07 m ( 3 50 ft) th i c k ,  occurr i ng to a max imum depth of 61 0 m ( 2000 ft ) .  Y i el ds genera l l y  
range between 32  to 63  LIs ( 500 to 1 000 g pm ) . 

The Gu l f  Coas t  aqui fer l i es beneath the Coas ta l  Pl a i n  i n l and for up to 1 93 km ( 1 20 m i l .  I t  i s  
t h e  reg i on ' s  mos t  extens i ve groundwater reservo i r ,  underl y i ng an area of 90 , 600 km2 ( 3 5 , 000 s q  
mi l ;  i t  cons i s ts o f  a thic kness of  more than 1 060 m ( 3 500 ft ) o f  sand ,  cl ay ,  and gravel . The 
Gul f Coast  aqui fer is mos t  extens i vel y devel oped in the Hous to n  area , where wel l  y i e l ds average 
1 26 LIs ( 2000 gpm ) . 

The Ogal l a l a  aqu i fer underl i es 49 , 200 km2 ( 1 9 , 000 sq mi l of  the H i g h  P l a i ns . �·1ajor production 
comes from 1 52-m ( 500-ft) thick sand and gravel . Depths to water range from 1 5  to 9 1  m ( 50 to 
300 ft ) . Wel l y i el ds vary from 6 . 3  to 63 LIs ( 1 00 to 1 000 gpm )  (Baker and Wa l l  1 976 ) .  

In  the Texas-Gu l f  reg i o n ,  g roundwater qua l i ty vari es wi th depths as wel l  a s  geographical  l oca
t i on . Genera l l y ,  the l owes t concentrati ons of  d i sso l ved so l i ds occur i n  areas of  grea tes t 
ra i nfa l l  and  l ea s t  evaporation . The ranges i n  TDS concentrati ons for the reg i onal aqu i fers are 
s hown in Ta bl e F . 7 .  

Potent ia l recharge to groundwater reservoi rs i n  the reg ion  i ncreases from northwest to southea s t ,  
rang i ng from a fraction  of an  i nc h  on  the H i g h  Pl a i ns t o  severa l i nches i n  the Sabi ne R i ver 
bas i n .  The ca l cu l ated s teady-state yiel ds (Tab l e F . 8 )  are equ i va l ent to the maxi mum annual 
recharge for each aqu i fer . The partly  recoverabl e water in s torage is in the form of fres hwater 
bounded by sa l i ne wa ter ,  wh i c h  may or may not be econom ica l l y  practica l  to recover ( Ba ker and 
Wal l 1 976 ) .  

Tab l e  F . 7 .  Typica l  Range of D i sso l ved So l i ds i n  
Water Used from Eac h  Aqu i fer 

Al l uv i  urn 

Oga 1 1  a l  a 

Gul f Coast 

Sparta 

Aqu i fer 

Queen C i ty 

Carri zo-Wi l cox  

Woodb i ne 

Edwards ( Ba l cones Fau l t Zone )  

Edwards -Tri n i ty ( P l atea u )  

Tri n i ty 

Santa Rosa 

E l l enburger-San Saba 

H i c kory 

From Ba ker and Wal l ( 1 976 ) .  

Typ i ca l  Range i n  
D i ssol ved Sol i d s  

(mg/ L )  

500-2000 

400-1 200 

300-1 000 

200-800 

200-800 

200- 1 500 

500-1 200 

300- 1 200 

400- 1 000 

500- 1 500 

400-2 500 

400-2000 

300-700 
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Tabl e F . 8 .  Quant it ies of  Groundwater Avai l abl e for Deve l o pmenta 

Recoverabl  e 
Water i n  Part ly  Recoverabl e 
Storage Water in Storage 

Steady-State Above Depths Bel ow Depth of 
Y i e l d  ( thousands of 400 ft 400 ft 

Aqu i fer ( thousands of  ( thousands (thousands of 
acre-ft) of acre-ft )  acre-ft)  

Al l u v i um 1 30 5 , 000 0 

Ogal l a l a  90 1 35 , 000 5 , 000 

Gul f Coast 2 , 500 450 ,000 1 , 1 50 , 000 

Sparta 1 30 20 ,000 65 , 000 

Queen Ci ty 1 20 70 , 000 200 , 000 

Carri zo-Wi l cox 560 1 50 ,000 1 , 1 50 ,000 

Woodb i ne 1 0  1 0 , 000 70 , 000 

Edwards { Ba l cones Fau l t 4 1 0  2 , 000 1 3 , 000 
Zone )  

Edwards-Tr i  n i ty ( Pl ateau )  540 70 , 000 70 ,000 

Tri n i ty 70 1 00 , 000 450 , 000 

Santa Rosa 30 8 , 000 0 

El l enburger-San Saba 20 8 , 000 1 2 , 000 

Hi ckory 40 1 0 , 000 1 00 , 000 

Total ( rounded ) 4 , 650 1 , 038 ,000 3 , 285 ,000 

From Baker and Wa l l ( 1 976 ) . 
aSteady-s tate y i e l d  and recoverabl e water i n  storage from da ta i n  Al exander et al . ( 1 964 ) ,  

Ba ker et a l . ( 1 963a , b ) , Brown and Si gnor ( 1 973 ) ,  Cron i n  et a l . ( 1 963 ) ,  �10unt et al . ( 1 967 ) ,  
Peckham et a l . ( 1 963 ) , Peti tt and George ( 1 956 ) ,  Texas Water Deve lopmen t Board ( 1 966a-r ) , 
Wood ( 1 956 ) , Wood et a l . ( 1 963 ) ,  and other computations  by U . S .  Geo l og i ca l  Survey . Spec i f i c  
y i e l d  of 2 percent u sed i n  computing  recoverabl e water i n  storage i n  Edwards ( Bal cones Faul t 
Zone ) , l imes tone part of Edwards-Tr i ni ty ( Pl a teau ) ,  and El l enburger-San Saba aqu i fers ; spec i f i c  
y i e l d  of 1 5  percent used for other aqu i fers . Ogal l a l a  storage a s  of 1 967  based o n  Cro n i n  ( 1 969 ) .  

The sel f-supp l i ed i ndustr ia l  and el ectri c i ty-generation uti l i ti es sector accounts for mos t  of 
the reg i onal water use ,  a l though  i rri gati on  c l earl y accounts for mos t of the freshwater consump
t i on (Tabl e F . l ) .  About 85 percent of the i rr igation  demand i s  sat i sf ied wi th groundwater ( U . S .  
Geo l o g i ca l  Survey 1 977 ) .  Groundwater i n  the northwestern part of  the reg i on ( upper Brazos and 
Col orado bas i n s )  has been heav i l y  pumped for agricul tural needs . As a resu l t ,  l oweri ng of the 
water tab l e  has occurred ( i . e . , the groundwater has been "mi ned " ) . Groundwater is a l so used for 
domes ti c ,  publ i c ,  i ndustri a l , and mun i c i pa l  suppl i es and for secondary o i l  recovery throughout 
the reg i on (Wa ter Resources Counc i l  1 974 ) . Sal i ne surface-water use in the reg ion  is for the 
sel f-suppl i ed i ndustr ia l  sector ; coo l i ng of thermoel ectr i c  fac i l i ti es is res pons i b l e  for about 
55 percent of this use.  Generation  of hydroel ectr i c  power uses about 68 x 1 06 m 3/day ( 1 8  bgd ) , 
wi th the Texas Gu l f  reg i on rank i ng ahead of only f ive  other reg i ons i n  the contermi nous Uni ted 
States i n  t h i s  respect ( U . S .  Geo l og ical Survey 1 97 7 ) .  

I n  a projection  of future water suppl i es for energy devel opment ,  the Water Resources Counci l  
assessed the g round and surface waters o f  the reg i on to be genera l l y  adequate to and beyond 
1 985 ;  current and p l a nned water devel opment projects were ta ken i n to account (Water Resources 
Counc i l  1 974 ) . 

F . l l  R I O  GRANDE WATER RESOURCE REGION 

The Rio  Grande Wa ter Resource Reg ion ,  wi th an area of about 350 , 000 km2 ( 1 36 ,000 sq  mi l ( U . S .  
Geo l og ical  Survey 1 977 ) ,  i nc l udes the bas i n  o f  the R i o  Grande from headwaters i n  sou thern 
Co l orado to i ts mouth on  the Gu l f  at the U . S . -Mex i can  border . Promi nent res ervo i rs a l ong the 
R i o  Grande i nc l ude El ephant Butte and Fal con reserv o i rs and Dev i l s  Lake . The Pecos R i ver , 
ori g i nati ng i n  New Mex ico ,  i s  the mos t  important  tri butary to the R i o  Grande . 
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The hardness of s urface wa ters in the Ri o Grande reg i o n  ranges from modera te ( 60 to 1 20 ppm 
hardness a s  CaC0 3 ) i n  the headwaters of sou thern Col orado to hard ( 1 20 ppm )  i n  central New 
Mex i co a nd to very hard ( > 1 80 ppm )  i n  sou thern New Mex i c o  and Texas . The hardest wa ters 
( >240 ppm )  a re found i n  the Pecos dra i nage from the headwaters i n  New Mexico  to i ts confl uence 
wi th the Rio Grande a nd in the R i o  Grande ma i ns tem bel ow the mouth of  the Pecos Ri ver . The 
l owes t l evel s of d i sso l ved so l ids  « 1 20 ppm TDS ) in the reg i o n  are found i n  the Rio Grande 
h eadwa ters i n  northern New Mex i c o  and sou thern Co l orado . Downs tream from Al buquerque , New 
Mex ico , however , h i gh l evel s of TDS ( >350 ppm )  a re the rul e .  Sal i n i t i es exceed i ng 1 000 ppm may 
be found i n  the R i o  Grande ma i ns tem bel ow Al buquerq u e ,  New Mex i co , downs tream to the mou th of  
the Pecos Ri ver , a nd in  the  Pecos R i ver ma i ns tem over a l most i ts ent i re l ength . Sed i ment ( TSS ) 
concentra tions  i n " headwa ters and tri buta r i es o f  the R io  Grande a nd Pecos r i vers and i n  reaches 
o f  the R i  0 Gr'a nde ma i ns tem a l ong porti ons of the Mex i can  border genera l l y  exceed 1 900 ppm . 
Modera te l evel s ( 2 70 to 1 900 ppm) a re found i n  the ma i ns tem of the Rio  Grande from southern New 
Mex i co downs tream to the B i g  Bend , i n  the l ower Pecos Ri ver ma i nstem ,  and i n  the l owes t reac hes 
of the R i o  Gra nde downs tream frern La redo , Texas ( Wa ter I n forma t i on Center 1 973 ) ,  Water qua l i ty 
probl ems i n  the reg i o n  i nc l ude reservo i r  eutroph i ca t i o n  ( s uch as i n  El ephant Butte Reservo i r )  
from mun i c i pa l  d i scharges a nd pes t i c i des and i ncreased sa l  i n i t i es from agri c u l  tura l sources 
( U . S .  Env i ronmenta l Protec t ion  Agency 1 977a ) .  

Aqu i fers i n  the R i o  Gra nde reg i on conta i n  approx imately 7 . 1  x 1 0 1 2  m 3 ( 5800 mi l l i o n  acre-ft)  o f  
fres h t o  s l i gh t l y  sa l i ne wa ter i n  s tora g e .  The groundwa ter reserv o i rs c a n  b e  c l ass i f i ed a ccord
i ng to four major  types :  va l l ey f i l l  ( primari ly  unconsol i da ted to semi conso l i dated sand and 
g ravel ) ,  vo l ca n i c  rocks , conso l i dated sedi mentary depos i ts ( s ha l e ,  sa nds tone , l i mes tone , gypsum , 
and s a l t ) , a nd crys ta l l i ne rocks . 

The mos t  i mportant  of the g roundwater reservo i rs i s  the val l ey f i l l  ma ter i a l , wh i c h  i s  found i n  
i ntermontane va l l eys i n  a l l but  the sou theas tern porti on o f  the reg i o n .  Sed iment t h i c knes s es 
range from very th i n  a t  va l l ey perimeters to 2700 m ( 9000 ft ) ;  l oca l l y ,  deep bas i ns wi th accumu
l a ti ons of  more than 9 1 00 m ( 3 0 , 000 ft ) of sediments are encountered . We l l  y i e l ds a re good and 
can  be as great a s  1 5 1 Lis  ( 2400 g pm ) , 

The vo l c a n i c  roc ks form the caproc k for the pl a teaus , genera l l y l y i n g  above the regi onal water 
tabl e .  They are o n l y  s i g n i f i cant  as  aqu i fers where they occur i n  assoc i a t ion  wi th val l ey f i l l  
mater i a l , 

Condo l i da ted sedimentary roc ks a re found i n  the east-centra l a nd southeas tern portions  of the 
reg i on ,  where they form mos t  of  the h i l l s  a nd l ow mou n ta i ns .  These roc ks form aqu i fers where 
fractures a nd s o l u t i on open i ngs  occu r  wi th i n  the bedroc k .  Wel l y i el ds a re genera l l y  i n  excess 
of 20 L/ s ( 300 gpm ) ; however , y i e l ds of  60 to 220 L/s ( 1 000 to 3500 gpm ) are common . 

Crys ta l l i ne ( i ntru s i ve i gneous ) roc ks crop  out  i n  the north and  north-centra l porti ons of the 
reg i on i n  the mou nta i nous  areas . The roc ks are very dense a nd evi dently not extens i ve ly  frac
tured because  wel l y i e l ds a re genera l l y  i ns i g ni ficant . 

Groundwa ter qua l i ty va r i es from s i te to s i te .  vJa ter produced from val l ey f i l l  aqu i fers has  
tota l d i ssol ved sol ids concentra t i ons between 52 a nd 1 3 , 800 mg/ L ;  however , in  some c l osed bas i n  
a reas where evapori te depos i ts ex i s t ,  the TDS concentrat ion  of  the groundwater can b e  a s  grea t 
as 1 00 , 000 mg/L , The qua l i ty of groundwa ter deri ved from the cons o l i da ted sedi men tary roc k 
aqu i fers u s ua l l y  ranges from l ess  than 1 000 to more than 3 5 , 000 mg/ L .  

Recharge to the groundwater reservo i rs takes p l ace throu gh  i nfi l trat i on of i rr igat ion  water , 
prec i p i ta t i on ,  and  snowmel t .  D i schal'ge i s  by pumpage , evapotransp i rat i on , seepage to s treams , 
a nd m i no r  u nderfl ow to adjacent wa ter resource reg i ons . 

The average groundv;a ter wi thdrawa l  i n  the reg ion was 9 . 1  x 1 0 6  m3/day ( 2 . 4  bgd ) i n  1 97 5 .  Approx i 
ma te l y  9 0  percent o f  t h i s  tota l wa s u sed for i rr igat i o n .  A n  addi t iona l  5 percent provi ded 
pub l i c  supp l i es .  I nc i denta l l y ,  the ent i re publ i c  water dema nds of Al buquerque and E l  Paso a re 
Inet by g rou ndwa ter ( We s t  and Broadhurst 1 975 ) .  

I n  the R i o  Grande Wa ter Resource Reg i o n ,  average annua l runoff i s  eq u i va l ent to 20 x 1 06 m3/ day 
( 5  bgd ) . Of the  to ta l off-channel water wi thdrawa l of about 20 x 1 06 m3/day ( 5 . 4  bgd )  i n  1 975 , 
s u rface rres hl1a ter w i thdrawa l s  accou nted for about  1 0  x 1 06 m3/day ( 3  bgd ) .  About  65 percent of  
the  freshwater wi thdrawn was  consumed . I rrigation accounts for mos t  of the tota l regi onal  11a ter 
u se a nd freshwa ter consump t i on ( Tab l e F . l ) .  Genera t i o n  of hydroel ectr i c  power uses about  
4 . 6  x 1 06 m 3/day ( 1 . 2  bgd ) , t he  R i o  Grande reg i o n  ra n k i n g  a head of on ly  the  Sour i s-Red-Ra i ny 
reg ion  i n  the contermi nous Un i ted States i n  th i s  respec t ( U . S .  Geo l og i ca l  Survey 1 97 7 ) . R i o  
Grande wa ters a r e  d i v i ded betl"leen t h e  Un i ted Sta tes a n d  �'exico  by trea ty a n d  between Co l orado , 
New Mex i co , a nd Texa s by compact .  As  i s  a pparent from runoff and wa ter- use  data , the  reg ion  
does not current ly  have  suff ic i ent wa ter resources to  support present l evel s of  deve l opment ,  and 
the Wa ter Resources Co unc i l  has l i sted the Rio Grande reg ion  as one of the nation ' s  most cr i ti ca l  
energy- rel a ted wa ter-su pp ly  probl em a reas . Di vers ion of water from the Col orado Ri ver bas i n  to 
the R i o  Grande reg i o n  v i a  the San Juan-(hama Proj ect augmen ts reg i ona l  supp l i es .  Al though a 
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p rojection  of water supply ava i l ab i l i ty to the year 1 985 i nd i cates that ener9Y devel opment  may 
be  sati s i f i ed by exi st i n9 u t i l i ty water r i gh ts and by purchase of add i tional  ex i s ti ng wa ter 
r i g hts , i ncreas ed competi ti o n  for water i s  expected (Water Resources Counc i l  1 974 ) .  

F . 1 2  SOUR I S-RED-RA I NY WATER RESOURCE REGION 

The Souri s-Red-Ra i ny Water Resource Reg i o n ,  wi th an area of about 1 50 , 000 km2 ( 59 , 000 sq mi l 
( U . S .  Geo l o g i ca l  Su rvey 1 977 ) ,  i ncl udes areas of northern Mi nnesota , northeas tern South  Da kota , 
and northern and eas tern North Da kota whose dra i nage i s  ul timately i nto the Hudson Bay v i a  Lake 
W i n n i peg i n  Mani to ba .  The Red R i ver bas i n  i ncl udes headwaters as far south as Lake Traverse on 
the Sou th Da kota-Mi nnesota border. The ma i ns tem forms much of the North Dako ta-Mi nnesota border , 
w i th drai nage northward toward Lake Wi nn i peg . The Souri s Ri ver ori g i nates i n  Canada , fl ows 
s outhward , and dra i ns a portion  of northern North Da kota , and then fl ows northward aga i n  i nto 
Canada , j o i n i ng the As s i n i bo i ne R i ver, a tri bu tary to the Red R iver.  The Rai ny Ri ver dra i ns a 
l a ke-fi l l ed reg i on a l ong the Mi nnesota-Ontari o  border , connecting  Rai ny Lake wi th the downs tream 
La ke-of-the-Woods ; the Ra i ny R i ver ma i ns tem i ts e l f  forms part of the i nterna tiona l  border . 
Drai nage from the La ke-of-the-Woods i s  to Lake Wi nni peg v i a  the W i nn i peg Ri ver . Important 
tri butaries  i nc l ude R i ver Des Lacs ( to the Sour i s R iver ) , S heyenne , Bo i s  de Si oux,  and Red La ke 
r ivers ( to the Red R i ver ) , and B i g  Fork and Li ttl e Fork ri vers ( to the Rai ny R i ver ) .  The 
Souri s-Red-Ra i ny reg ion  i nc l udes numerous l arge natura l  l a kes ( such as La ke-o f- the-Woods , Ra i ny 
Lake,  Upper and Lower Red l akes , and Lake Traverse ) ,  i n  add i ti o n  to many sma l l er ones . f·lajor 
reservo i rs are not  common in  the reg i o n ,  w i th no tab l e exceptions  being Lake Darl i ng on the 
Sour i s  R i ver and La ke As htabu l a  on  the S heyenne Ri ver . 

Surface waters are very hard ( > 1 80 ppm hardnes s as CaC0 3 ) i n  the wes tern ha l f of the reg i on 
( extreme wes tern Mi nnesota , the Red R iver ma i ns tem , and the Souri s Ri ver bas i n ) , wi th l evel s  
exceedi ng 240 ppm i n  North Da kota . The Ra i ny Ri ver bas i n  has moderatel y  hard ( 60 to 1 20 ppm )  
waters , whi l e  t h e  area i n  northern Mi nnesota tri bu tary t o  the l ower Red R i ver h a s  hard surface 
waters ( 1 20 to 1 80 ppm ) . Lowes t d i s so l ved sol ids  l evel s are found i n  the Rai ny bas i n  above 
Ra i ny Lake « 1 20 ppm TDS ) ;  moderate TDS l eve l s  ( 1 20 to 350 ppm ) are found i n  the l ower Rai ny 
bas i n  and i n  some areas of wes tern Mi nnesota tri bu tary to the Red Ri ver . Otherwi s e ,  h i gh l evel s 
of d i sso l ved so l i ds ( >3 50 ppm) are found . Some sal i ne surface waters ( TDS > 1 000 ppm ) are found 
i n  North Da ko ta ' s  centra l drift p l a i n  i n  the Dev i l  ' s  Lake area . Sus pended sed iment ( TS S )  l evel s 
i n  s treams of the reg i on are general l y  l ow « 270 ppm ) i n  the Rai ny bas i n ,  upper Red R i ver bas i n ,  
and i n  the port ion  of the Sheyenne R i ver affected by the i mpoundment o f  Lake Ash tabu l a ;  moderate 
l evel s ( 270  to 1 900 ppm) are found e l s ewhere (Water Informat ion  Center 1 97 3 ) . 

Tox i c  pol l u tants reported from waters of the reg i on i nc l ude pes ti c i des ( from the Rai ny and Red 
r i vers ) and cadm i um ( from the Red Ri ver ) (Water Information  Center 1 973 ) . The Red R i ver has 
been i denti fi ed by the E PA as  an  exampl e of s tream recovery fo l l owi ng was te di scharge co ntrol ; a 
s tretch downs tream from Fargo-Moorhead ,  North Dakota , had been severel y i mpacted by mun i c i pa l  
and i ndustri a l  di scharges from those c i ti es .  However ,  impl ementat ion  of was te treatment resul ted 
i n  a s i g n i f i cant i mprovement i n  water qual i ty ( U . S .  Env i ronmenta l  Protec t ion  Agency 1 977a ) . 

Muc h  of the Souri s-Red-Ra i ny reg ion  i s  underl a i n  by conso l i dated bedroc k ,  wh i c h  consti tutes some 
of the more i mportant aqu i fers . G l ac i a l  mater i a l  and val l ey fi l l  compri se the remai nder of the 
aqu i fer mater ia l . The Da kota Sandstone , wh i ch extends i nto parts of North Dako ta , is a s i gn i f i 
cant area l l y  exten s i '/e aqu i fer. Eas tern Mi nnesota i s  a l so underl a i n  by sancstone groundwater 
reservo i rs .  

Much  of Mi nnesota and porti ons of eas tern North Da ko ta are covered by g l ac i a l  dri ft .  The we l l 
sorted g l ac i a l  outwas h  sand and gravel depos i ts are excel l en t  producers of groundwater ,  capab l e  
o f  y i el d i ng l arge amounts to wel l s .  The c l ay-ri c h ,  poorly sorted ti l l  y i el ds on ly  sma l l amounts 
of groundwater to wel l s .  

Buried s tream val l eys i n  sou theast North Dakota produce moderate to l arge amou n ts of g roundwater .  
Sed iments o f  the l arger tri bu tary val l eys o f  the f1i s souri  Ri ver are l oca l ly s i gn i f i cant aqu i fers 
(Wal ton 1 970 ) .  

I n  the Souri s-Red-Ra i ny Water Resource Reg i o n ,  average annual runoff i s  equ i va l ent to 24 x 1 06 
m3/day ( 6 . 2  bg d ) . Of the total off-channel water wi thdrawal of about 1 . 4 x 1 06 m3/day [360 
nilTTiorf g-al tday (mgd) }  in 197 �, sU l"f-a€e--�I"e-S-hWil-ter- wHhdrawal s accounted for about 1 . 0 x 1 06 m 3/day 
( 270  mgd)  and fresh g rou ndwater for abou t 0 . 3  x 1 06 m3/day ( 90 mgd ) .  About 25 percent of fresh-

. 

water wi thdrawn was consumed ( U . S .  Geo l og i ca l  Survey 1 977 ) .  

The primary user of water i n  the reg i on i s  the sel f-suppl i ed i ndus tri a l  and e l ectr i c i ty-generation  
u ti l i t ies  sector;  mos t  of the sec tor ' s  wi thdrawa l s  are  for thermoel ectri c power generation  
( Tab l e F . l ) .  The primary consumer of fres hwater , however , i s  i rri gati o n .  The reg i o n  does not 
have major hydroel ec tr ic  power capac i ty ,  mak i ng i t  u n i que among the reg i ons  of the Uni ted States 
i n  th i s  respect ( U . S .  Geo l og ica l  Survey 1 977 ) .  
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Streamfl ow i n  the Souri s-Red-Ra i ny reg ion  i s  shared wi th Canada by agreement .  Tha t part of the 
reg ion  l oca ted i n  North Da kota has been i denti f ied by the Wa ter Resources Counci l  as one of the 
most cri tical  energy- rel ated water supply probl em areas i n  the nati o n ,  wi th l oca l i zed water 
shortage and therma l pol l u t ion  probl ems .  Mi n i ng and use of wes tern North Da ko ta l i g n i te coal 
reserves wou l d  requ i re the devel opment of add i ti onal s torage or groundwater sources (Water 
Re sources Counci l 1 974 ) . 

F . 1 3  M I SSOURI BAS I N  WATER RESOURCE REG ION 

The Mi ssouri  Ba s i n  Wa ter Resource Reg i o n ,  wi th an  area of about 1 , 330 , 000 km2 ( 5 1 5 ,000 sq mi l 
( U . S .  Geo l og i cal  Survey 1 97 7 ) , i s  the l arges t reg i on i n  the contermi nous Uni ted Sta tes . The 
reg i o n  i nc l udes the Mi s souri R i ver from i ts headwaters i n  wes tern Montana to near i ts confl uence 
wi th the Mi s s i s s i pp i  R i ver.  ( The most  downs tream reach of the Missouri  Ri ver , from the mouth of 
the Osage R i ver in  central M i ssouri , to i ts confl uence w ith the Mi s s i ss i ppi  Ri ver near St .  
Lo u i s ,  M i ssour i , i s  cons idered part of  the  Upper Mi s s i s s i pp i  reg ion . )  The  reg i o n  a l so i nc l udes 
maj or tri butary sys tems ( Yel l owstone and P l a tte r i ver sys tems ) and other promi nent r i ver such  as 
the James , B i g  Horn ,  Powder , L i ttl e Mi ssouri , Bel l e  Fourche ,  N iobrara , and Repub l i can  ri vers . 
The reg i o n  i nc l udes some of the l arges t reservo i rs ( i n  terms of s torage capaci ty )  i n  the country ,  
such a s  the Oahe , Ga rri son , Fort Pec k ,  and Fort Randa l l reservoirs  o n  the M issouri  R i ver ma i n
s tem . Other major reservoirs  are l ocated on the Mi ssouri Ri ver (Canyon Ferry Reservo i r )  and on 
tr i butary r i vers , such as  Ti ber Reservo ir  ( Marias  R i ver ) , Yel l owta i l  Reservoi r  ( B i g  Horn R i ver ) ,  
Sem i noe and Pa thfi nder reservoi rs and McConaughy Lake ( North Pl atte R i ver ) , M i l fo rd Reservoi r  
( Repub l i can Ri ver) , Tu ttl e Creek Reservoi r  ( B i g  Bl ue R i ver ) ,  and Kaysi nger B l uff Reserv o i r  and 
Lake of  the Ozarks ( Osage Ri ver ) . Large natural l akes are not promi nent fea tures of the reg ion , 
but sca ttered sma l l er l a kes do ex i s t .  

Su rface wa ters of the Mi ssouri Ba s i n  Water Resource Reg i o n  vary from soft « 60 ppm hardnes s as 
CaC03 ) in parts of  northeas tern Co l orado to very hard in other parts of the reg ion . I n  general , 
the hardes t waters ( >240 ppm )  are found i n  the centra l and l ower parts of the bas i n ,  from south
eastern Montana and northeastern Wyom i ng through wes tern and southern South Dakota and throughout 
l arge parts of Nebraska as  far down the mai nstem Mi ssouri Ri ver as Kansas Ci ty ,  Mi ssouri . Very 
hard waters ( 1 80 to 240 ppm) tend to be found i n  other parts of the l ower and centra l bas i n ,  
wh i l e  moderatel y  hard to hard waters ( 60 to 1 80 ppm ) are typ i ca l l y  found i n  the upper Mi s souri 
R i ver bas i n .  D i sso l ved sol ids  l evel s are general l y  h i g h  ( >350 ppm TDS ) in the reg i o n ;  l ow to 
modera te l evel s « 1 20 to 3 50 ppm )  are found i n  headwater areas i n  Montana , Wyomi ng , and Col orado . 
Modera te l evel s ( 1 20 to 3 50 ppm)  are found i n  parts of the P l a tte Ri ver bas i n  i n  Nebra s ka , 
a l though h i g h  l evel s are typi ca l  of the ma i ns tem Pl atte , North Pl atte , and Sou th P l a tte ri vers . 
Sal i n i ti es may exceed 1 000 ppm i n  parts of the Powder ,  B i g  Horn , James , and North and South 
P l a tte r i vers and in a l arge area cover i ng southwes tern North Dako ta and wes tern South Da ko ta . 
Suspended sediment ( TSS )  l evel s are typ i ca l l y  l ow « 270 ppm )  only i n  the Mi ssouri Ri ver ma i ns tem , 
i n  Fort Pec k  Reservo i r ,  from near Garri son Reservoi r  downs tream to the mouth of the Mi ssouri  
R i ver,  the James R i ver in  and be l ow James town Reservo i r ,  and in  some headwater areas i n  Montana , 
Wyom ing , a nd Co l orado . Otherwi se,  moderate ( 270 to 1 900 ppm ) to h i g h  ( > 1 900 ppm ) l evel s are 
preval ent ( Wa ter I nformat ion Center 1 973 ) .  

The most ser i ous  water qual i ty probl ems i n  the Mi ssouri Bas i n  reg i on occur as a resu l t o f  non
p o i nt sources , some of natural ori g i n .  Headwa ters , es pec i a l l y  of  snowmel t ori g i n  i n  Wyomi ng and 
Montana , are of excel l ent qual i ty ,  but waters are degraded downs tream (Water Resources Counc i l  
1 974 ) . I rr i gation  returns , crop and pasturel and eros i on ,  and feed l o t  was tes contri bute sed i ments , 
bacteri a ,  nutri ents , pest ic i des , and sal ts . Dewateri ng of s treams exacerba tes these prob l ems . 
Po i n t  sources , i nc l udi ng mu ni c i pa l  and i ndustria l  d i scharges , have been important i n  popu l a ted 
and devel oped area s ,  but such sources are seen as l es s  severe and more eas i l y  control l ed tha n 
nonpo i n t  sources ( U . S . E n v i ronmental Protec tion Agency 1 977a ) . However ,  el eva ted l evel s of 
cadmi um have been reported from the l ower Mi ssouri  R i ver bas i n  ( Water I nformation  Cen ter 1 973 ) . 
Na tura l sources of  water qua l i ty probl ems account for about 1 3  percent of degraded s tream mi l es 
i n  Montana ; natura l  sources of suspended and/or d i ssol ved so l i ds are a l s o  i denti fi ed as important  
in  North Da kota ,  Kansa s ,  and  Mi ssouri . Other water qua l i ty probl ems have been attri buted to  o i l  
fi e l d  was tes i n  Wyoming  and mi ne dra i nage i n  Kansas . Eutroph i cation  of sections of the North 
P l a tte a nd Laram i e  r i vers i n  Wyomi ng has been reported . I ncreased popu l ation  demands , i ndus tri a l  
g rowth , a n d  m i n i ng have been c i ted as  threats to reg iona l water qual i ty ( U . S .  Env i ronmental  
Protect ion  Agency 1 977a ) .  

Groundwater aqu i fers i n  the M i ssouri Bas i n  are of two genera l types : unconso l i da ted sediments 
and conso l i dated sedimentary rocks . Buri ed va l l ey a l l uv i um i s  proba b ly  the mos t pro l i fic  aqui fer 
materi a l , a l ong wi th sed iments assoc i a ted wi th present-day s tream courses . 

Bedrock aqu i fers range i n  age from Precambr i an to Recen t .  These sed imentary rocks i ncl ude 
sandstones , s i l tstones , l imestones , and sha l es . The s ha l es , where h i g h l y  fractured , y ie l d only 
smal l amounts of water to wel l s .  The rema i n i ng rock types have widely varyi ng y i e l ds . S i gn i f i 
cant l imestone aqu i fers , s u c h  as the Mad i son L imes tone , underl i e  porti ons o f  Kansas , South Dakota , 
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and Wyom i ng . 
the Da kotas . 

Sa ndstones are a l so important aqui fers . The Dakota Sandstone aqui fer underl ies  
Some Kansas and Col orado groundwater production is  deri ved from sandstone formati ons . 

The groundwater qua l i ty i s  general l y  good i n  the unconso l i da ted aqui fers . 
i n  the conso l i da ted aqu i fers , however, i s  too h i g h l y  m i nera l i zed to use . 
occurs wi th i n  the f i rs t  few tens of meters of the surface (Wal ton 1 970 ) .  

Much of the g roundwater 
Fres hwater g enera l ly 

I n  the Mi s souri  Bas i n  Water Re source Reg i on ,  average annual runoff i s  equ i va l ent to 200 x 1 06 
m3/day ( 54 bgd ) .  Of the to tal off-channel wi thdrawa l of 1 30 x 1 06 m 3/day ( 35 bgd )  i n  1 975 , 
s urface freshwater wi thdrawa l s  accounted for about 95 x 1 06 m3/day ( 25 bgd ) ,  and fresh  ground
water accounted for the rema i nder . About 43 percent of freshwater wi thdrawn was consumed . 
Irr igation  accounts for the major i ty of water wi thdrawa l s and freshwater consump tion (Tab l e F . l ) .  
I rrigation  a l so i s  respon s i b l e  for a l most  35  x 1 06 m3/day ( 9  bgd )  of the tota l groundwater wi th
drawa l s .  The Mi s souri Ba s i n  reg ion  uses about 570 x 1 0 5  m 3/day ( 1 50 bgd ) for hydroel ectric  
power , wi th the reg i on ra nki ng seventh in  the nation  in  th i s  respect ( U . S . Geo l o g i ca l  Survey 1 977 ) .  
The Montana , North Da kota , a nd Wyoming  portions of the M i ssouri  Bas i n  Water Resource Reg ion  have 
been i denti f i ed by the Wa ter Resources Counc i l  as being among the nation ' s  mos t  cri tica l  energy
rel ated water- probl em areas . In parti cul ar ,  the extraction and use of coal resources i n  these 
areas is seen as i ncreas i ng agricul tura l vs i ndustr i a l  competi tion for water . Devel opment of 
add i ti ona l s torage capabi l i ty and importat ion of water from the Upper Col orado bas i n  are sug
gested a s  augment i ng dependabl e water suppl i es in  the regi on (Water  Resources Counc i l  1 974 ) .  

F . 1 4  U PPER COLORADO WATER R ESOURCE REG ION 

The Upper Col orado Water Resource Reg i o n ,  wi th an area of about 285 , 000 km2 ( 1 1 0 ,000 sq mi l 
( U . S .  Geo l ogica l  Survey 1 97 7 ) , i nc l udes the headwaters of the Col orado R i ver and major  tri butary 
sys tems , such as the Green and San Juan ri ver sys tems . Lees Ferry , Ari zona , j u st  downs tream 
from the Gl en Ca nyon Dam , i s  taken as the d i v i d i ng po i nt between the Upper and Lower Col orado 
Ri ver bas i ns .  Large natural l a kes are not important features of the reg i o n .  However , reservoi rs 
a re wi despread ,  rang i ng from La ke Powel l ,  the impoundment of Gl en Canyon Dam ( the second l arges t 
reservo ir  i n  the Un i ted States i n  terms of s torage capac i ty )  (Water  Information  Center 1 973 ) ,  to 
the many sma l l reservo i rs ,  such as Strawberry and B i g  Sandy reservoi rs . Other major reservoi rs 
i nc l ude Fl ami ng Gorge Reservoi r  on the Green R i ver and Navajo Reservo ir  on the San Juan R iver .  

Surface waters of the  Upper  Co l orado Water Resource Reg i on are of moderate hardness ( 60 to  1 20 
ppm hardness  a s  CaC0 3 ) on ly  i n  the headwa ters of the Col orado Roc k i es ; el sewhere , wa ters are 
hard to very hard ( 1 20 to 240 ppm and above ) .  The hardest waters ( >240 ppm ) are found al ong the 
Col orado Ri ver ma i nstem in sou theastern Utah . D i ssol ved sol ids  l evel s fol l ow a s imi l ar pa ttern : 
l ow to moderate l evel s  « 1 20 to 350 ppm TDS )  i n  the headwaters of the Co l orado Rocki es , w ith 
h i g h  l evel s ( >350 ppm) e l sewhere . The ma i ns tem Green and San Juan r i vers and the Co l orado R i ver 
in extreme wes tern Co l orado and downs tream are typical ly  sal i ne (TDS >1 000 ppm ) . Sed iment (TS S )  
l evel s a re l ow « 270  ppm )  i n  the Co l orado Rockies headwaters , i n  the Green R i ver ma i ns tem i n  
northeas tern Utah and southwes tern Wyom i ng ,  i n  Lake Powel l ,  and i n  the upper San Juan R iver 
ma instem in New Mex i co .  In termed i a te l evel s ( 270 to 1 900 ppm ) are found i n  other parts of 
wes tern Co l orado . Otherwise ,  h i g h  l evel s ( > 1 900 ppm ) are preval ent  (Water I nformation  Center 
1 97 3 )  . 

Reg i onal water qua l i ty prob l ems i nc l ude h i gh natural a nd man-made l eve l s  of suspended d i sso l ved 
so l ids . Natura l sources i nc l ude d i ffuse sources ( such as surface runoff ) ,  wh i ch i ncrease sed i 
ment and sa l i n i ty l oads , a s  wel l a s  po i nt  sources ( spri ngs ) .  Heavy surface-wa ter consumption 
reduces the d i l ut ion  capab i l i ti es of affected streams , exacerbating  the probl em .  I rrigati on 
return fl ows have a l so adverse ly  affected surface-water qual i ty ( U . S .  Env i ronmental Protecti on 
Agency 1 977a ) .  I n  the Green R i ver bas i n ,  for exampl e ,  wh i l e  was te water treatment and l ow 
popu l at ion  dens i ti es l imi t mun i c i pal  and i ndustria l  pol l u t ion  sources , i rr i gated l ands y i e l d  an 
estimated 4500 to 1 3 , 450 kg/ha/year of sa l t  ( 2  to 6 tons  per acre per year )  to surface waters 
v i a  return f l ows (Wyom i ng Wa ter Pl ann i ng Program 1 970 ) .  Control o f  poi nt sources such as 
mun i c i pa l  d i scharges is  more eas i l y  assured .  For eXdmp l e ,  improvement of the San  Juan  R i ver 
in New Mex ico  was evi dent fol l owing  improved was te water treatment ( U . S .  Env i ronmental Protect ion 
Agency 1 97 7a ) .  Prob l ems wi th col i form bacteri a ,  BOD ,  d i ssol ved sol i ds ,  su l fate , and parti cul ar 
meta l s ( l ead , cadm i um ,  i ron )  have been reported from waters of  the Col orado Ri ver sys tem in Utah 
( U . S .  Envi ronmenta l  Protec tion  Agency 1 977a ) .  

The maximum vol ume of recoverabl e groundwater i n  s torage i n  the upper 30 . 5  m ( 1 00 ft ) of water
bear ing materi a l  i n  the Upper Col orado reg ion  i s  estimated to be 6 . 2  x 1 09 m 3 ( 50 mi l l i on  acre
ft ) . E i g h ty-five percent of th i s  amount occurs i n  sedimentary roc ks ; 5 percent i s  s tored i n  
u nconso l i dated mater i a l . The tota l amount  o f  recoverabl e groundwa ter present i n  the enti re 
aqu i fer sequences cannot eas i l y  be estimated but i s  thought to be many times the quanti ty s tored 
wi th i n  the upper 3 0 . 5  m ( 1 00 ft) of saturated rock materia l . Groundwater is s tored i n  five 
general types of hydrogeol og i c  un i ts (Tabl e F . 9 ) . 
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Tabl e F . 9 .  Estimated Recoverabl e Groundwater i n  Storage ,a Upper Col orado Region  

Estimated Amount of Water 
in Storage ( thousands of 

Area Estimated Saturated acre-ft) 
Geohydro l og ic  Rock  Type ( thousands Spec i fi c  Th icknessc 

Un i t  of  acres ) Y i el db (ft )  Mi n i mum Maximum 

Unconsol i da ted 800 5- 1 5  50 2 ,000 6 ,000 
depos its  

2 Vol can ic  rocks 2 , 200 2-5 1 00 4 ,400 1 1 , 000 
3 Sedimentary roc ks 40 , 000 1 -2 1 00 40 , 300 80 ,600 
4 Sedimentary roc ks 24 , 300 0 . 2-0 . 7  1 00 4 ,900 1 7 , 000 
5 I gneous  and meta- 5 , 1 00 0-0 . 3  1 00 0 1 , 500 

morph i c  rocks 

Total ( rounded ) 50 , 000 1 1 5 , 000 

From Pri ce and Arnow ( 1 974 ) . 
aAbo u t  85% of the recoverabl e g roundwater s tored i n  the upper 1 00 ft of saturated roc ks occurs 

i n  sed imentary roc ks wh ich  have rel atively l ow permeabi l i ty and yiel d water s l owly .  
bThe ratio  o f  the vol ume of water that a saturated rock wi l l  yiel d by gravi ty to the vol ume of 

the rock .  
cGroundwater s torage i s  es timated for on ly  50 ft  of  the unconsol idated depos i ts because  i n  many 

pl aces the saturated thi c kness of thi s  u n i t  does not greatly exceed 50 ft.  Groundwater s torage 
is estima ted for only  1 00 ft of the other geohydrol og ic uni ts because  the saturated thi ckness 
of the un i ts i s  not known . I n  many p l aces throughout the reg io n ,  the saturated thi ckness i s  
much more than 1 00 ft ;  thu s ,  total recoverabl e groundwater s torage i n  the reg i o n  greatly exceeds 
the maximum amount  s hown i n  thi s  tabl e .  

The u nconso l i dated depos i ts con s i s t  of  gravel , sand , a n d  c l ay .  They occur  primari ly  a l ong the 
l arger s tream val l eys . Depths to water are general ly  l es s  than 1 5  m ( 50 ft ) . Y i el ds to wel l s  
vary between 0 . 3  to more than 3 1 . 6  Lis ( 5  to more than 500 g pm ) . 

The volcanic  roc ks cons i s t  primari l y  of l ava fl ows , wi th some associ a ted pyroc last ic  and i ntru
s i ve i g neou s  rocks . These aqu i fer un i ts occur mostly al ong the eas t  and wes t-central borders of 
the reg i o n .  Wel l y i el ds u sual ly  range  from 0 . 3  to 3 . 1 6  Li s (5 to 50 g pm )  but can l ocal ly range 
from 3 . 1 6  to 3 1 . 6  Li s ( 50 to more than 500 g pm ) . 

The sedimentary rock aqui fers are d i v i ded i nto two c lasses on the bas i s  of ori gi n :  nonmarine 
and mar ine .  Both types occur  throughout the reg i o n .  Depths to wa ter are from s everal tens to 
more than  304 . 8  m ( s evera l hundred to more than 1 000 ft ) . The nonmar i ne aqui fers are more 
permeab le  and genera l l y  y i el d from 0 . 3  to 3 . 1 6  Lis ( 5  to 50 g pm )  to wel l s .  The aqui fers of 
marine orig i n  y ie ld  l es s  than 0 . 6  Lis ( 1 0  gpm) to wel l s .  

Grani te ,  sch i s t ,  g nei s s ,  and quartzi te compri se the i g neous and metamorph ic  rocks . The ir  occur
rence i s  primari ly  res tricted to the eas tern bou ndary ,  the northernmos t ,  and the north-central 
portions of the reg i o n .  Wel l  y i e l ds rarely exceed 0 . 6  Lis ( 1 0  g pm ) .  

The qual i ty of groundwater i n  the reg ion i s  good ; a very few restricted areas have a TDS concen
tration exceedi ng 3000 mg/L . Shal l ow aqui fers at  hi g her el evations [above 21 33 . 6  m ( 7000 f t ) ]  
prov i de water 'wi th l es s  than 1 000 mglL TDS , as d o  the sandstone (Navajo and Da kota Sands tones ) 
and l imes tone (Madison  L imestone a nd Morgan Formation ) aqu i fers at l ower el evations . Sha l e  and 
s i l tstone formations  usua l ly conta i n  sa l i ne g roundwater . 

Four percent [4 . 9  x 1 09 m 3 ( 4  mi l l ion  acre-ft ) ]  of the average annual prec i p i tation i n  the 
reg ion  [ 1 . 2  x l O l l  m 3 ( 9 5  mi l l ion  acre-ft ) ]  enters the groundwater reservoirs as recharge . Thi s  
recharge occurs through  i nf i l tration of  prec i p i tation ,  i rr igation water , and i nfl uent s treams . 
Di scharge ta kes pl ace through s pr i ng s ,  areas of phreatophyte growth , and gai ni ng reaches of  
( effl uent)  s treams . 

Groundwater wi thdrawal s i n  1 970 total l ed 1 . 5  x 1 08 m3 (0 . 1 2  mi l l ion  acre-ft ) ;  consumptive use 
tota l l ed 7 . 4  x 1 07 m3  ( 0 . 06 mi l l ion  acre-ft ) .  Thi s is  a pproximately 2 percent of the tota l 
vol ume of water wi thdrawn [7 . 0  x 1 09 m 3 ( 5 . 7  mi l l ion  acre-ft ) ]  and consumed [4 . 4  x 1 09 m3 ( 3 . 6  
m i l l i on  acre-f t ) ]  that same year.  O f  the total g roundwa ter wi thdrawn , i rr igation  accounted for 
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46  percent, pub l i c  supply for 27 percen t ,  sel f-supp l i ed i ndustry for 1 5  percen t ,  and domes tic  
a nd s tock for 1 2  percen t .  The amount of groundwater consumption  can be attri buted to i rri gati on , 
52 percent ;  pub l i c  supp l y ,  25 percent ;  domes ti c and stock ,  1 7  percen t ;  and sel f-supp l i ed i ndus try , 
6 percent ( Pr i ce and Arnow 1 974 ) . 

I n  the Upper Co l orado Water Re source Reg i o n ,  average annual  runoff i s  equ i va l ent to 49 x 1 06 m3/day 
( 1 3  bgd ) .  Of the tota l off-channel water wi thdrawal of 1 6  x 1 06 m3/day ( 4 . 1  bgd ) i n  1 97 5 ,  
surface freshwater wi thdrawa l s accounted for 1 5  x 1 06 m3/day ( 3 . 9  bgd ) .  Fresh  groundwater was 
the other major contri butor. About 4 1  percent of freshwater wi thdrawn was consumed . I rrigation 
accounts for the majori ty of water wi thdrawa l s  and freshwater consumption  (Tab l e F . l ) .  The 
Upper Col orado reg i on uses a bout 49 x 1 06 m3/day ( 1 3  bgd ) for hydroel ectr ic  power ,  wi th the 
reg ion  ran k i ng a head of on ly  fou r other reg ions  i n  the contermi nous Un i ted States in th i s  respect 
( U . S .  Geo l o g i ca l  Survey 1 977 ) .  

The Upper Co l orado Water Resource Reg i on has  been categori zed by the Water Resources Counc i l  as 
bei ng among the nation ' s  most  cri t ica l  energy-re l ated water- supply probl em areas . Because of 
i nterna t ional  ag reement (wi th Mex ico ) ,  i nterstate compact ,  and Federal and s tate l aws , not a l l 
runoff i n  the reg i on i s  ava i l a b l e  for use w i t h i n  the reg i o n .  A l though . estimates of water ava i l 
a b i l i ty i n  the reg i on ( ba sed on  requi red del i veri es to Mex i co and the Lower Co l orado bas i n  and 
on. current use rates ) i nd i cate that a bout 8 x 1 06 m3/day (2 bgd ) of wa ter supply are not be i ng 
uti l i zed i n  the reg i o n ,  not a l l of th i s fi gure i s  exp l o i tab l e .  In  add i t ion  to env i ronmenta l  
water needs (water qua l i ty ,  f i s h  and w i l d l i fe ,  and aestheti cs ) ,  uneven geograph i c  di s tri buti on  
of  supp l i es and demands and vari ab l e annua l  runoff cause water use  probl ems . Water supp l i es 
have been over-appropri ated i n  some area s ,  espec i a l l y  i n  Col orado and Uta h ,  wi th exi st i ng water 
r i g h ts exceed i ng current use and estimated resources . Competi t ion  between agri cul tura l and 
i ndustr i a l  dema nds i s  seen as a resu l t . Devel opment  of  more surface s torage , i nterim use of 
g roundwater,  greater eff i c i ency in water use ,  and reso l u tion  of  water r ights and a l l oca ti ons are 
seen a s  cruc i a l  to the sati sfaction  of anti c i pated water demands i n  the reg i on (Water Resources 
Counc i l  1 974 ) .  

F . 1 5  LOWER COLORADO WATER R ESOURCE REGION 

The Lower Co l orado Wa ter Resource Reg i o n ,  wi th an  area of about 355 ,000 km2 ( 1 37 ,000 sq mi l 
( U . S .  Geo l og i cal  Survey 1 977 ) ,  i nc l udes the Col orado R i ver and i ts tri butary sys tems bel ow Lees 
Ferry , Ar i zona , j us t  downstream from Gl en Canyon Dam . r·1ajor tri butary sys tems i nc l ude the 
V i rg i n  R i ver , L i ttl e Co l orado R i ver, Verde-Sa l t-Gi l a  r i vers , and the B i l l Wi l l i ams R i ver . The 
reg ion  does not conta i n  l a rge natura l l a ke s ,  but the Lower Col orado sys tem i s  heavi l y  impou nded . 

La ke Mead , beh i nd Hoover Dam on the Col orado Ri ver ma i ns tem , has the l arges t s torage capac i ty of  
U . S .  reservo i rs (Water Information  Center 1 973 ) .  Other major reservoi rs are l oca ted on  the 
Col orado R i ver i tsel f ( La ke Mohave and Havasu Lake ) and on the Gi l a  (Pai nted Rock and San Carl os  
reservo i rs ) , Sa l t  ( Roosevel t Reservo i r ) , and  B i l l  Wi l l i ams (Al amo Reservoi r )  ri vers . 

Surface waters of the Lower Col orado Water Resource Reg ion  are genera l ly  hard ( 1 20 to 1 80 ppm as 
CaC03 ) to very hard ( 1 80 to 240 ppm ) , wi th the hardest waters ( >240 ppm )  found i n  the V ; rg i n  
R i ver and Col orado R i ver ma i ns tem . D i sso l ved so l i ds l evel s are genera l l y h i g h  ( >350 ppm TDS ) ,  
w i th waters o f  sa l i ne l evel s ( >1 000 ppm )  found a l ong the V irg i n ,  L i tt l e Col orado , Sal t ,  and 
upper Gi l a  ri vers . Sed iment (TSS )  concentrati ons are l ow « 270 ppm ) where affected by i mpound
ment ( a l ong the Co l orado Ri ver mai ns tem from bel ow Lake Powe l l to the confl uence of the L i tt l e  
Col orado R i ver and i n  and downstream from Lake Mead and i n  porti ons o f  the Gi l a  and Sal t ri vers ) ,  
but ,  otherwi se , concentrations  are genera l l y  h i g h  ( > 1 900 ppm ) (Water Informat i on Center 1 973 ) . 

Reg i o na l  wa ter qua l i ty probl ems are dom i nated by nonpoi nt-source ( i n  some cases na tura l ) d i s 
charges . Ag r icu l tura l and rura l sources , i nc l ud i ng runoff and i rr igat ion  return fl ows , con
tr i bute nutri ents , sed iments , sa l ts , and bacteri a ( U . S .  Env i ronmen tal Protec tion  Agency 1 977a ) .  
The overal l i ncrea s i ng sal i n i ty i n  a downs tream d i rect ion  (most ly  na tura l but accel era ted by 
man ' s  acti v i ti e s )  i s  a major reg i ona l prob l em .  The sa l i n i zat ion  of so i l s  and groundwa ter i s  
i ntimate ly  rel a ted (Water Resources Counci l 1 974 ) .  Meta l s  contam i nat ion  from mi nera l i zed areas , 
parti cu lar ly  a bandoned m i n i ng operati ons , has been c i ted as a prob l em i n  Ari zona ( U . S .  Env i ron
menta l  Protection  Agency 1 977a ) .  El evated l evel s of cadmi um and mercury have been reported from 
t he Gi l a  R i ver sys tem (Wa ter Information  Center 1 973 ) .  Eutrophi cat ion i s  reported to be a 
prob l em i n  Ar i zona ( U . S .  Env i ronmenta l Protection  Agency 1 977a ) .  

The pri nci pa l  aqui fers of the Lower Co l orado reg ion  are unconso l i dated sedi ments and conso l i 
da ted sed imentary rocks . We l l  y i e l ds range from very l ow to modera tely h i g h . 

The southern and western porti ons of the reg ion  cons i s t  of a l ternati ng fau l t- b l oc k  bas i ns and 
mounta i n  ranges . The aqui fers are a l most  enti rel y unconso l i dated val l ey fi l l  materi a l  ( a l l uvial  
fan  depos i ts )  eroded from adjacent mounta i ns . The sediments are primari l y  sand and g ravel 
i n terbedded wi th s i l ts and c l ays . Thi c knesses vary between tens of meters to more than 1 000 m .  
The h i g hest y i e l ds are produced from wel l s  l ocated at  the mouths of  mounta i n  s tream canyons . 
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The northeastern portion  of the reg ion  is  underl a i n  by conso l i dated sed i mentary roc ks , such  as 
sandstones , sha l es ,  a nd l imestones . Some a l l uv ia l  ma ter ia l  is found in the stream va l l eys . The 
average wel l y i e l ds a re very l ow ;  however ,  the Coconi no Sandstone of Perm ian  age is an excel l ent 
aqu i fer .  We l l s  produci ng from the Conon i no y i e l d  severa l tens of l i ters per second ( hundreds of 
gpm )  ( Wa l ton 1 970 ) . 

I n  the Lower Co l orado Wa ter Re source Reg i o n ,  average annual  runoff i s  equ i va l ent to abou t 
1 2  x 1 06 m3/day ( 3 . 2  bgd ) ( U . S .  Geol og ica l  Su rvey 1 977 ) .  By l aw ,  the Upper Co l o rado bas i n  mus t 
del i ver an average of 2 5  x 1 06 O1 3 /day ( 7 . 5  mi l l i on acre- ft/year ) to the Lower Co l orado bas i n  at  
Lees Ferry ,  Col orado , cal cul ated on  a ten-year averag i ng i nterval . However , not  a l l th i s  Co l orado 
R i ver wa ter is ava i l ab l e  for use wi th i n  the Lower Co l orado Water Resou rce Reg i o n ;  i t  has been 
es timated that about 1 1  x 1 06 m 3/day ( 2 . S  bgd ) i s  ava i l ab l e to the reg i o n  (Water  Resources 
Counc i l  1 974 ) .  

Of the tota l  o ff-channel water wi thdl'awa'i s of about 32 x 1 06 O1?/day ( S . 5  bgd ) i n  1 975 , surface 
freshwa ter wi thdrawa l s  accou nted for about  1 3  x 1 0 6  m 3/day ( 3 . 5  bgd ) , whi l e  fres h groundwa ter 
contri bu ted the rema i nder .  Of the freshwa ter wi thdrawal s ,  about 74 percent was cons umed . The 
Lower Col orado Wa ter Resou rce Reg ion  uses a bout  91 x 1 05 m3/day ( 24 bgd ) for hydroel ectric  
power ,  ran k i ng a head of s i x  other reg ions  in  the conterm i nous Un i ted Sta tes in  th i s  res pec t  
( U . S .  Geo l og i ca l  Survey 1 977 ) .  I rr i gat ion  i s  the domi nant  wdter user and consumer of freshwater 
( Ta b l e  F . l ) .  I rr igat ion  a l so accounts for a l mo s t  90 percent of groundwa ter use ( U . S .  Geol og i ca l  
Survey 1 977 ) .  

The Water Resources Counc i l  has ident if ied the Lower Co l orado Water Resource Reg ion  as one of 
the nati on ' s  mos t  cr i t ica l  energy- rel ated water- supp l y  probl em areas . The Col orado R iver  sys tem 
as a who l e  i s  seen as unab l e to conti nua l l y  supply demands i n  the Upper and Lower Col orddo 
bds i ns a nd Mex i co as per trea ty o bI i gati ons . Use of grou ndwater currently exceeds recha rge ; 
overdra ft has exceeded an average of S x 1 06 m3/day ( 2  bgd ) i n  the Gi l a  Ri ver bas i n .  The impor
ta tion  of wa ter from areas such as Al aska ,  Canada , or  the Pac i f i c  Northwes t has been proposed . 
The conc l us i on i s  that energy- rel ated water demands wi l l  compete wi th i rr igat ion  a nd mun i c i pa l  
and i ndustr ia l  needs . Wa ter devel opment projects such as the Centra l Ari zona Projec t ,  wh i c h  
wi l l  a l l ow Co l orado Ri ver wa ter to b e  used by the Tuc son- Phoen i x ,  Ari zona , a rea and enroute 
agr icu l turd l l ands , are expec ted to a l l ev i a te d i s tr i but i ona l  probl ems (Water Resources Counc i l  
1 974 ) . 

F . 1 6  GREAT BAS I N  WATER RESOURC E REG ION 

The Grea t Bas i n  Wa ter Resource Reg i o n ,  w i th an  area of about 4S0 , 000 km2 ( l S5 , 000 sq mi l ( U . S .  
Geo l og i cal  Survey 1 977 ) ,  i nc l udes l a rge portions of Nevada and Uta h  and smal l er porti ons of 
adjacent s ta tes . Dra i nage is  l and- l oc ked . Large porti ons of the reg i on a re devo i d  of permanent 
s u rface wa ters . Sa l i ne l akes , rang i ng i n  s i ze up to such  major  bod i es as the Grea t Sa l t  Lake , 
are w i dely d i s tr i buted . Feed i ng these l akes are streams and s tream sys tems tha t ranJo i n  s i ze 
from smal l ephemera l s treams to l a rge sys tems such as the Humbol dt ,  Truc kee , and Sea r l'i vers . 
La ke Tahoe , a n  exceptiona l l y  deep fresh\.ater l a ke , i s  fed by s nowmel t from the S ierra r�evada 
Range.  The l'eg i on a l so conta i ns many channel s and bas i ns (washes and pl ayas ) that contai n water 
on ly  ephemera l l y ,  dS a resu l t of prec i p i tation  events . 

5 urface wa ters of the Grea t Ba s i n  Wa ter Resource Reg ion  tend to i ncrease i n  hardness i n  an eas t
,,{1I"0 d i rec t ion . Soft waters « 60 ppm hardness as CaC0 3 ) are found i n  extreme wes tern Nevada ; 
mos t of Nevada has modera tel y  hard ( 60 to 1 20 ppm )  wa ters . The Carson  S i nk area and the eas tern 
par : of t he Grea t Bas i n  have I',aters rang i ng from hard to very hard ( 1 20 to > 240 ppm ) ,  wi th the 
harde� t waters occurri ng in sou thwestern U ta h .  Surface wa ters general l y  have h i g h  di sso l ved 
so l i d :, 'i 0\' e l s ( >350  ppm) , a l though  moderate l evel s ( 1 20 to 350 ppm ; are '(ound i n  the wes tern and 
northern ex tremes of the bas i n  and i n  parts of southwes tern Uta h .  The l owes t l evel s « 1 20 ppm )  
a re typ ica l  on ly  a round La ke Tahoe . Sal i ne wa ters ( > 1 000 ppm )  are found i n  the Nevada-Cal i forn i a  
b(lrder area ( Pyrami d ,  �lo no , a nd �!il l ker l a kes ) e nd i n  Utah  ( Grea t Sa l t lake and U tah  la ke ) .  
Stream sed imen t ( TSS ) l evel s genera l l y  ra nge from l ow « 270 ppm ) i n  the Cal i fornia-Nevada bo rder 
a rea a nd in the Grea t Sa l t  L d ke Ba s i n  to moderate ( 270 to 1 900 ppm ) in nor thern Nevada and pa rts 
of l!te ; ,  and to h i g h  ( > 1 900 ppm )  e l sewhere i n  the Grea t Bas i n  (Water  Informat ion  Center 1 973 ) . 

Water qua l i ty i n  the Great Bas i n  i s  l argel y l im i ted by na tura l nonpo i nt sources of mi nera l i za
t i o n .  Wh i l e  muni c i pa l  and i ndustr i a l  po i nt- �ource d i scharges are of l ocal s i g n i �i cance (as  i n  
the Lower Provo and Jordan r i vers i n  Utah ) ,  the di ffuse sa l i n i ty and sed iment contr i buti on of 
ag r icu l tura l prdcti ces is  of g rea ter reg i ona l s i g n i f icance ( U . S .  Env i ronmental Protect ion  Agency 
1 977a ) .  Cul tura l eu troph i cat ion  has been noted i n  the u l trao l igotroph i c  Lake Tahoe ( Go l dman 1 972 ) .  

The vo l ume o f  recoverab l e g roundwater i n  s torage w it h i n  the upper 30 m ( 1 00 f t ) of aqu i fers i n  
t he Great Bas i n  reg i on i s  est imated to be 3 . 7  x l O l l  m3  ( 300 mi l l i on acre-ft ) .  To tal  ground
water s torage wi th i n  the ent i re aqu i fer th ic kness is pro bably on the order of several �ri l l i o n  
c u b i c  meters ( several b i l l ion  acre-ft ) .  The reg i ona l groundwa ter reservo� rs a re of  three bas i c  
types : u nconso l i dated a l l uv ia l  mater ia l , conso l i dated ca rbo na te roc ks , and conso l i dated vo l can i c  
rocks . La rge capac i ty wel l s  average y ie l ds of 63 L/s  ( 1 000 g PIT: ) .  
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The unconsol i dated a l l uv ia l  aqui fers are primari ly  compri sed of sand and gravel depos i ts ;  how
ever , i n  the l owes t porti ons of val l eys ,  s i l t and c lay depos i ts are common . The al l uv ia l  aqui fers 
occur i n  the i ntermontane bas i ns of the reg i on . The potentiometric  surface i s  rel atively close  
to  l and surface in  the l owes t areas ; dep th to  water may i ncrease severa l tens of meters towards 
the mounta i ns .  Aqu i fer thic kness  vari es from s i te to s i te ,  often exceedi ng 300 m ( 1 000 ft ) .  

The carbonate rock aqu i fers of the reg ion  are g eneral ly  h i g hly  permeab l e  and occur i n  the central 
and northeas tern portions of the reg ion .  Large springs di scharge water from carbonate aqui fers 
i n  eas tern Nevada and western Utah . Many perched groundwater bodi es exi s t  where the carbonates 
are d i sconti nuous or bl ocked by faul ts .  

Known vol canic rock aqui fers o f  s i g n i f i cant s i ze occur only i n  the southeastern and extreme 
northea s tern porti ons  of the reg i on . Large quant i t i es of water can be obta i ned from the fracture 
o penings  w i th i n  the volcanics . 

Groundwater qual i ty vari es from fresh ( l es s  than 1 000 mg/L )  to bri ny (more than 35 ,000 mg/ L )  
across t h e  reg i on .  Freshwater i s  most commonly found at val l ey marg i n s . Groundwater underlyi ng 
sma l l  bas i ns may be bracki s h ; major deep val l eys ( s i n ks )  are underl a i n  by brack i sh  to b r i ny 
g roundwater . Loca l ly ,  thermal springs  have water of poor qual i ty .  

The average annual prec i p i tation i n  the Great Bas i n  reg ion i s  1 . 1 x l O l l  m 3  (88 mi l l i on acre
ft ) . Of thi s amount ,  3 to 7 percent [4 x 1 09 to 7 X 1 09 m3 ( 3  to 6 mi l l i on acre-ft ) ]  recharges 
the g roundwater reservoirs . Mos t  recharge occurs through i nf i l trati on of preci p i tation in the 
mounta i ns ; some i nput from l os i ng streams ta kes p l ace.  Groundwater di scharge is  through evapo
transpi ra tion , spri ng d i scharge ,  contri bution to s tream f low ,  and underfl ow to adjacent areas 
( Ea k i n  et al . 1 976 ) .  

I n  the Great Bas i n  Water Resource Reg ion ,  average annual runoff i s  equ i val ent to 28 x 1 06 m3/day 
( 7 . 5  bgd ) .  Of the total off-channel water wi thdrawal s o f  2 6  x 1 06 m �/day ( 6 . 9  bgd ) i n  1 97 5 ,  
surface freshwater wi thdrawal s accounted for about 20 x 1 06 m3/day ( 5 . 4  bgd )  and fresh ground
water wi thdrawal s about 5 . 3  x 1 06 m3/day ( 1 . 4  bgd ) . Of freshwater wi thdrawal s ,  abo u t  53 percent 
was consumed . The Great Bas i n  reg ion u ses about  1 4  x 1 0 6  m 3/day ( 3 . 8  bgd )  for hydroel ectr i c  
power , g reater i n  thi s respect than o n l y  the R io  Grande and Souri s-Red-Rai ny reg ions  i n  the 
contermi nous Un i ted States . Irri gati on accounts for the majori ty of total w i thdrawa l s  and 
freshwater consumption (Ta b l e  F . l ) .  I rri gation al so accounts for about  70 percent of fres h 
g roundwater use  ( U . S .  Geol og ical  Survey 1 977 ) .  

The Water Resources Counc i l  has  des i g nated the Great Bas i n  Water Resource Regi on as one of the 
nation ' s  most cri ti cal  energy- rel ated water-supply probl em areas . Water-rel ated probl ems resul t 
from the ari di ty of the reg ion  and the expense  of wa ter devel opment .  Importation of water from 
the Col orado Ri ver Ba s i n  to the Wasatch  Front area of the eas tern part of the Great Bas i n  by 
construction of the Bonnev i l l e  Un i t  of the Central Utah Project i s  seen as partl y al l ev i ati ng 
prob l ems . However , water suppl ies  are s ti l l  expected to be i nadequa te in the western part of 
the reg ion around Reno , Nevada.  Add i ti ona l water demands are consi dered l imi ting  to i ncreased 
energy devel opment ( Wa ter Resources Counc i l  1 974 ) .  

F . 1 7  CAL I FORNIA  WATER RESOURCE REGION 

The Cal i forn ia Water Resource Reg i o n ,  wi th an  area of about 31 0 , 000 km2 ( 1 20 ,000 sq mi l ( U . S .  
Geo l og i cal Survey 1 977 ) , consi sts l argel y o f  the ri ver systems ( Sacramento , San Joaqui n ,  etc . )  
that dra i n  the western s l opes of the S i erra Nevada Mounta i ns and fl ow toward San Franc i s co Bay . 
Reservoi rs ,  such a s  Sha s ta La ke and Fol som and Pine F lat  reservoirs , are l ocated on headwaters 
of these s treams . Other ri ver systems ,  wi th drai nage i nto the Pac if ic  Ocean , i ncl ude the 
Kl amath , Rus s ian ,  Sa l i nas ,  Eel , Cuyama , and Santa Cl ara ri vers . Large natural l akes i ncl ude 
Upper Kl amath La ke , Cl ear La ke, and Buena V i s ta La ke (at the terminus  of the Kern R iver ) .  The 
Sal ton Sea , i n  the Imperial  Va l l ey of  southern Cal i forn i a ,  was formed and i s  fed by water from 
the l ower Col orado Ri ver . Major aqueducts and cana l s  (Hetch Hetchy , Los Angel es , and San Di ego
Col orado Ri ver aqueducts and the Al l -Ameri can and Coachel l a  canal s )  provide for water transport 
to mun i c i pal , i ndustria l , and agricul tural demand centers a l ong the coas t and i n  the Imperi al 
Val l ey .  

Surface water hardness o f  the Ca l i fornia  Water Resource Reg i on general ly  i ncreas es southward and 
coas tward from soft « 60 ppm hardness as CaC03 ) in the S i erras and in northern Cal i forn i a  to 
moderate (60 to 1 20 ppm) at  the footh i l l s  of the Si erras and a l ong the northern coas t and to 
hard ( 1 20 to 1 80 ppm )  in the Sa n Joaqu i n  Val l ey and al ong the southern coas t .  Very hard waters 
( 1 80 to 240 ppm )  are found i nl and i n  southern Cal i forn i a  and al ong the coa s t  i n  the Los Angel es
San D i ego area . Di s sol ved sol i d s  l evel s al so general ly  i ncrease from l owes t l evel s « 1 20 ppm 
TDS ) in the Si erras and in northern Cal ifornia  to h i g her l evel s ( >350 ppm ) to the southern 
i n terior and coast .  Sa l i ne waters ( > 1 000 ppm) are found scattered throughout southern Cal i forn i a .  
The Sa l ton Sea i s  the t h i rd l argest sal i ne l a ke [907 km 2  ( 350 s q  mi l i n  the na tio n .  Stream 
sed iment (TSS)  l evel s genera l l y  i ncrease from l ow l evel s « 270 ppm )  i n  northern Cal i fornia  and 
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the S i erras to moderate l evel s ( 270  to 1 900 ppm )  a l ong mos t  of the coas t and to h i g h  l evel s 
( > 1 900 ppm )  near San D i ego and i n  sou thern i nterior Ca l i forn i a  ( Water Informa tion  Center 1 973 ) .  

Al thoug h overa l l  water qua l i ty i n  Ca l i forn i a  i s  good , probl em area s do exi s t .  Po i nt sources are 
s een  a s  under control , both i n  terms of number and severi ty ,  as a resu l t  of cons truc ti on and 
enforcement was te trea tment fac i l i t i e s .  Nonpo i nt sources are vi ewed as w i despread , d i ffi cu l t to 
def ine ,  a nd rel a ted to estab l i shed l a nd use prac ti ces . Loggi ng has contri buted debri s and s ed i 
ments to surface waters . I ncrea s i ng mi nera l i zation  of grou ndwa ter and o f  su rfa ce wa ter (Col orado 
R i ver water used by the Imper ia l  and Coachel l a  Vql l ey agri cul ture ) ,  pesti c i de res i dues , and 
heavy meta l s  concentrations  are major probl ems ( Water Informa t ion  Center 1 973 ; U . S .  Envi ronmenta l  
Protection  Agency 1 97 7a ) .  E l eva ted l evel s of  mercury have been reported i n  the San Franc i sco 
Bay area and in the t1erced R i ver ( Wa ter Informa tion  Center 1 97 3 ) .  Sal  twa ter i n trus i on has 
degraded the qual i ty of formerl y  u sabl e aqu i fers a l ong the sou thern coast  ( U . S . Envi ronmenta l 
Protection  Agency 1 977a ) .  

More than 1 39 , 000 km2 ( 53 , 670  sq  mi l or 45 percent ,  of the l and area wi th i n  the Cal i forn i a  
reg ion  i s  underl a i n  by g rou ndwa ter reservo irs , both undevel oped a n d  devel oped . Undeve l oped 
reservo irs a re those from wh ich  tota l annual  wi thdrawa l  is l es s  than 1 . 0 x 1 0 7  m3  (81 00 acre
ft ) .  Groundwa ter reservo i rs are l i s ted for each of the n i ne s ubregi ons in Ta b l es F . 1 0  and F . l l .  
Usabl e reservo i r  vol umes have been estimated for 37  of the 52 recogni zed groundwa ter reservo irs 
( Ta b l e  F . 1 2 ) ;  tota l  u sab l e  reservo i r  capac i ty i s  a t  l ea s t  2 . 1  x 1 0 1 0  m3 ( 1 7  mi l l ion  acre-ft ) .  
Reservoi rs are of two ma i n  types : a l l uv i a l  and vol ca n i c  bedrock . The aqu i fers are the mos t  
rel i ab l e (and often the so l e )  source o f  pota bl e wa ter i n  many parts of  the Ca l i fornia  reg i on . 

Subreg ion 

North Coasta l  

San  Franc i so Bay 

Central Coastal 

South Coastal  

Coa stal bas i ns 

Tri butary va l l eys 

Sacramento Bas i n  

De l ta Area 

San Joaqu i n  Bas i n  

Tul a re Bas i n  

Central Va l l ey 

North Lahontan 

South La hontan 

Co l orado Desert 

I n teri or  bas i ns 

Total 

Ta b l e F . 1 D . Summa ry of the Groundwater Reservo i rs 

Undevel oped Devel oped 
Groundwater Reservo i rs Groundwater Rese rvo i rs 

Est imated Usabl e 
Area Area Capac i tya 

Number ( km2 ) Number ( km2 ) ( km 3 )  

6 2 , 300 7 2 ,800 

1 1 00 9 4 , 000 3 

700 1 0  7 , 900 9 

0 1 3  7 ,800 26 

8 3 , 1 00 39 22 , 500 38 

7 2 , 300 2 1 , 400 

1 0 ,800 

3 , 1 00 

1 3 , 000 

1 1  , 300 

7 2 , 300 3 39 , 600 1 25 

3 3 , 400 0 

38 1 8 , 800 1 0  1 4 , 1 00 43  

23  22 , 200 3 2 , 200 4 

64 44 , 400 1 3  1 6 , 300 47 

79 50 , 000 55 78 , 000 2 1 0  

Annual  
Pumpage 

( km 3 )  

0 . 2  

0 . 4  

1 . 0 

1 . 7 

3 . 3  

3 . 1  

1 . 2 

8 . 0  

3 . 7  

1 6  

0 . 7  

0 . 2  

0 . 9  

20 

From Thomas and Phoen i x  ( 1 97 G )  . 
aEst imates o f  u sab l e capac i ty have been made for onl y 37 of the 55 grou ndwa ter reservo i rs l i s ted , 

and these represent the i nvestigators ' j udgment of wha t i s  tech n i ca l l y  and economi cal ly  pract ica l  
a t  the time.  



Tabl e r . l l .  Deve l o ped Groundwater Reservo i rs 

[From Bader ( 1 969 )  and Cal i forni a Reg i on Framework Study Commi ttee ( 1 97 1 ) ,  rev i s ed and updated ] 

Aqui fer Wi thdrawal s from Wel l s  

County Groundwater Reservo i r  Area Usabl e Range i n  ( km2 ) Depth Zone Capa c i ty Year Pumpa�e D i s so l ved 
(m ) ( km3 ) ( 1 06 m ) Sol ids  (mg/ l i ter ) a 

North Coasta l subre9i on  

Del Norte , Cal i forn i a  Smi t h  Ri ver Bas i n :  
Smi t h  Ri ver pl a i n  1 80 3 - 1 1 0 . 09 1 968 7 30-200 

Kl amath , Oregon Kl amath Ri ver Ba s i n :  
Sprague Ri ver val l ey 440 1 970 3 1  80-230 
Swan Lake Va l l ey 1 20 1 970 3 1  80-270 
Yonna Val l ey 1 20 1 970 1 6  1 1 0-270 
Lower Kl amath Ri ver val l ey 490 1 970 1 00 1 30-880 
Lower Kl amath Ri ver val l ey 4 1 0  1 954 1 2  80-830 

S i skiyo u ,  Cal i forn i a  Cl osed bas i n :  
Butte Val l ey 470 1 953  26 1 1  0-1 , 900 

., , 
Humbo l dt , Ca l i forn i a  Ee l Ri ver and Mad Ri ver basi ns : N 

Eure ka p l a i n  600 3- 1 2 0 . 1 5  1 962 1 8  50- 2 , 000 U) 

Mad Ri ver va l l ey ( 1 -8 ) , 
Eel Ri ver val l ey ( 1 - 1 0 )  

San Franci sco Bay subregi on 

Mendoc i no ,  Cal i forn i a  Rus s i an Ri ver basi n :  
Uk iah  Val l ey 1 80 3 - 1 5 0 . 04 1 954 1 2  1 1  0-1 , 1 20 

Sonoma , Cal i forn i a  Santa Rosa  Val l ey and 
Heal dsburg area 470 3-60 1 . 2 1 954 22  90-800 

San Franc i sco Bay : 
Peta l uma Val l ey 340 3-60 0 . 25 1 958 2 1 1  0-4 , 800 

Napa , Cal i forn i a  Napa Va l l ey 2 1 0 3-60 0 . 30 1 950 7 1 00-5 , 000 

Sonoma , Cal i forn i a  Sonoma Val l ey 1 00 5-60 0 . 05 1 950 2 1 30-2 ,800 

Sol ano , Cal i forn i a  Su i san-Fa i rf ie l d Val l ey 670 3-60 0 . 05 1 949 1 0 300-1 , 350 

Contra Costa , Cal i forn i a  P i ttsburg pl a i n  1 00 30-60 1 93 1  1 0  480-2 , 060 
Cl ay Val l ey 1 60 6-60 0 . 1 5  1 930 1 0  2 1 0-2 , 1 70 

Ygnac i o  Va l l ey ( 2- 6 )  



Tab l e  F . l l  ( continued ) 

Aqui fer Wi thdrawal s from Wel l s  

County Groundwater Reservoi r  Area Usabl e Range i n  ( km2 ) Depth Zone Capacity Year Pumpa�e Dissol ved 
(m)  ( km 3 )  ( 1 06 m ) Sol ids (m9/ 1 iter) a 

San Franci sco Bay subregion 

Santa Cl ara , Ca l i fornia  Santa Cl ara Va l l ey :  
South Bay 830 8-60 0 . 95 1 969 220 240-960 
East Bay 470 1 970 50 300-7 , 000 

Al ameda , Cal i forn ia  Li vermore Val l ey :  570 8-60 
Sunol Va l l ey ( 2 - 1 1 ) ,  

0 . 25 1 970 25 290-2 ,800 

San Ramon Val l ey ( 2 - 7 )  

Central Coastal subregion 

Santa Cruz , Ca l i fornia  Soquel Creek bas i n :  
Soquel -Aptos area 260 1 80-700 

Santa Cl ara , Ca l i fornia  Pajaro Ri ver bas in : 
Pajaro Val l ey 360 6-90 0 . 03 1 969 65 1 70-1 , 500 -., 

I 

L 1 a9as Va l l ey 2 1 0  1 969 60 250-550 w C) 

San Ben i to ,  Ca l i fornia  Ho l l i ster Va l l ey 670 6-60 1 . 0 1 960 1 35 280-2 , 550 

Monterey , Ca l i fornia  Sa l i nas Ri ver bas i n :  
Sa l i nas Va l l ey 1 , 81 0 6-60 1 . 6 1 960 370 240-3 , 000 

San Lui s  Obi spo , Cal i fornia  Paso Robles 2 , 330 1 5-75 2 . 1  1 967 55 
Santa Maria  Ri ver bas i n :  

Arroyo Grande Val l ey 1 00 30-240 0 . 1 5  1 967 20 200-2 , 900 

Santa Barbara , Cal i fornia  Santa Maria  Va l l ey 520 6-60 1 . 2 1 967 1 40 230- 3 , 200 
Cuyama Val l ey 600 0 . 5  1 967 80 400- 5 ,000 

San Antonio Creek bas i n :  
Sa n Antonio Creek val l ey 230 0 . 35 1 967 14 300- 3 , 000 

Santa Barbara , Cal i fornia  Santa Ynez Ri ver bas i n :  
Santa Ynez Ri ver val l ey 670 6-75 1 . 2 1 967 50 400-2 ,000 

Santa Barbara Coastal bas i ns :  
Santa Barbara bas i n  1 00 1 5-75 0 . 2  1 967 9 340- 1 , 400 

Gol eta Bas i n  ( 3- 1 6 )  
Ca rpi nteri a Bas i n  ( 3- 1 8 )  



Tab l e  F . l l  ( conti nued)  

Aqu i fer W ithdrawal s from Wel l s  

County Groundwater Reservoi r  Area Usa bl e Range i n  ( km2 ) Depth Zone Capac i ty Year Pumpa�e Di ssol ved 
(m )  ( km3 ) ( 1 06 m ) So l i ds (mg/ l i ter) a 

South Coastal subregion 

Ventura , Cal i forn i a  Santa Cl ara Ri ver Val l ey 1 , 1 90 0 . 75 1 951 270-4 , 700 

Los Ange l e s ,  Cal i forn i a  L o s  Angel es Ri ver  and Santa 
Ana R i ver Bas i n s : 

Coasta l  pl a i n  1 , 300 WT-370 4 . 9  1 970  350 1 40- 1 , 340 
Central Bas i n  ( 600 ) 1 970 ( 2 7 5 )  
West Bas i n  (4 1 0 )  1 970 ( 75 )  
San Fernando Va l l ey 520 1 970 1 35 220-2 , 1 30 
San Ga briel Va l l ey 520 0-490 1 1  1 965 250 1 1 0- 1 , 000 

Raymond Bas i n  ( 1 00 ) 6 -460 1 . 2 1 961 -69 35 1 50-700 

San Bernard i no ,  Ca l i forn i a  Upper Santa Ana Val l ey 1 , 680 1 965 630 1 00- 1 , 000 
Bunker Hi l l - Sa n  T imoteo 540 2 . 1  
Ch i no-R ivers ide  1 , 1 1 0 6-2 10  6 . 8  ... 

Coastal  Pl a i n  9 30 1 970 240 200- 2 , 000 I 
� 

Orange , Cal i forn i a  San Jaci nto Ri ver basi n :  
San Jaci nto bas i n  650 280-3 , 900 

San Diego , Cal i forn i a  Santa Margarita and adjacent 
bas i n s : 

Lower Va 1 1  ey 60 2-msl 0 . 07 1 966  1 1  1 80-1 , 600 
San Mateo ( 9- 2 )  
San Onofre ( 9- 3 )  

Temecul a Val l ey 1 00 0 . 65 1 961  1 2  250- 5 , 000 
Warner Val l ey ( 9-8 )  

San L u i s  Rey bas i n :  
San Lu i s  Rey Va l l ey 1 00 6-35  0 . 06 300-9 , 000 

San Di egu i to Ri ver bas i n :  
San D i eg u i to area 21 0 250- 5 ,000 

Escondido area ( 9- 9 )  
San Pasqual Va l l ey ( 9- 1 0 )  

San Di ego Ri ver basi n :  
San Di ego area 1 30 3-35  0 . 1 2  1 60-4 , 500 

E l  Cajon ( 6- 1 6 )  
Wa rner Val l ey 1 00 6-65 0 . 07 1 50-420 



TalJl e F . l l  (continued 

Aqu i fer Withdrawal s from Wel l s  

County Groundwater Reservoi r  Area Usabl e Range in  
( km2 ) Depth Zone Capac i ty Year Pumpa�e Di ssol ved 

(m) ( km3 ) ( 1 06 m ) Sol ids (mg/l i ter) a 

Central Val l ey subregion 

La ke , Cal i forni" Sacramento Ri ver bas in : 
Kel seyvi l l e  Val l ey 

Upper Lake ( 5- 1 3 )  
Scott Va l l ey ( 5- 1 4 )  
Burns Va l l ey ( 5- 1 7 )  

1 30 3-30 0 . 09 1 951 1 7  80-660 

Shasta , Cal i forn ia  Redding basi n  1 , 300 6-60 0 . 1 5  1 955  1 20-1 , 700 

Severa l , Cal i forn ia  Sacramento Va l l ey 1 1  ,000 6-60 35 1 964 3 ,080 1 1 0-2 ,800 
Mokel umne area : 

San Joaqui n ,  Cal i fornia  Del ta 3 , 1 1 0  1 966 1 ,230 300-3 , 500 

Severa l , Cal i forn i a  San Joaquin  Ri ver bas in : 
San Joaquin  Va l l ey 1 3 ,000 6-60 69 1 966 8 ,01 0 90-5 ,000 

...., 
Kern , Ki ngs , and Tul are , Tul a re c l ose bas in : I w 

Cal i forn ia  Tulare Bas i n  1 1  , 700 6-60 46 1 966 3 , 700 1 20-2 ,400 N 

Inyo and Mono , Cal i forn ia  Cl osed bas i ns : 

South Lahontan subregion 

Owens Val l ey 2 , 230 1 970 40 1 00-brine 

San Bernardino ,  Cal i fornia  Lower Mojave Ri ver val l ey 780 0-90 5 . 8  1 963 85 1 90-2 , 340 
Middl e Mojave Ri ver val l ey 1 ,090 0-90 1 1  1 963 75 1 40-3 , 900 
Upper Mojave River val l ey 1 ,550 0-90 9 . 9  1 963 55 80-2 , 760 

Kern and Los Angel es , Antel ope Val l ey 4 , 1 40 6-60 6 . 7  1 960 380 1 20-7 , 700 
Cal i forn ia  D iv ided bas i n :  

Cummi ngs Val l ey :  

Kern , Cal i fornia  Tehachapi Va l l ey West , 1 30 1 961  20 350-570 
Tehachapi Va l l ey East 

San Bernard i no , Cal i forn ia  Cl osed bas ins : 
Fremont Val l ey 850 1 958 40 350-brine 
Harper Val l ey 1 , 320 6-65 8 . 6  1 963 1 5  320- 1 0 , 700 

Inyo and San Bernardino ,  Searl es Val l ey 650 1 962 6 8 , 000 
Cal ifornia  

1 00 1 962 1 2  35 ,000 

Inyo , Kern , and San Bernar- Indian Wel l s  Val l ey 1 , 350 6-65 0 . 89 1 968 1 5  1 40-brine 
dino , Cal i fornia  



Tabl e F . l l  (cont inued ) 

County 

San Bernardino , Cal i fornia  

Ri vers ide ,  Cal i fornia 

San Di ego , Cal i fornia 

Groundwater Reservoi r  

Cl osed bas ins : 
Lucerne Val l ey 

Coachel l a  Val l ey :  
Upper val l ey 
Artes ian basi n  

Bo rrego Va 1 1  ey 

From Thomas and Phoenix  ( 1 976) . 

Area 
( km2 ) 

Aqu i fer 

Depth Zone 
(m )  

Col o rado Desert subregi on 

830 

620 
520 

260 

WT-20 

3-60 

Usabl e 
Capac i ty 

( km3 ) 

4 . 4  

Year 

1 952 

1 958 

Wi thdrawal s from Wel l s  

Pumpage 
( 1 06 m 3 ) 

20 

55 
1 30 

1 2  

Range in  
Di ssol ved 

Sol ids (mg/l i ter)a 

340-5 ,000 

1 49-1 , 000 
750-3 , 200 

290-1 ,480 

a l ncl udes the range in di ssol ved- sol ids concentration i n  observati on wel l s  of the Cal i forni a state-wi de water qual i ty moni tori ng program . 

"'T'I I W W 



Tabl e F . 1 2 . Undevel oped Groundwater Reservo i rs (wi thdrawa l s l ess  than 8 1 00 acre-ft/year)  

E st imated Expl oration  Data 

County Groundwater Reservo ir  Area Natural Outfl owa 
Number Depth Range i n  ( km2 ) Year of  Wel l s  Expl ored D i s sol ved 

(m )  Sol i d s  (mg/ l i te r )  

North Coastal  subregion  

Kl amath , Oregonb Kl amath Ri ver Bas i n :  
Kl amath Marsh 600 Wi l l i amson R i ver 1 970 1 2  205 50-1 1 0 
Lange 1 1  Va l l ey 1 80 Lost Ri ver 1 970 1 0  1 50 1 30-1 70 
Upper Kl amath Val l ey 750 Kl amath Ri ver 1 954 1 3  1 45 80- 1 00 
Poe Val l ey 80 Lost Ri ver 1 970 9 1 35 1 40-270 

S i s k iyou , Cal i forn i a  Shasta Val l ey 650 Shasta Ri ver 1 953  50  21 5 1 60-980 
Scott Ri ver Val l ey 2 1 0  Scott Ri ver 1 953 5 65 30-420 

San Franc i sco Ba� subregion 

Sonoma , Cal i forn i a  Rus s i an Ri ver basi n :  
Al exander Val l ey 1 00 Russ i an R i ver  1 954 40 1 35 220- 1 , 300 

" I 
Central Coastal subregi on w .po 

San Lu i s  Obi spo , Cal i forn i a  Cl osed bas i n :  
Carr i zo P l a i n  700 ET-Soda Lake 1 954 8 305 340-4 , 300 

Sacramento Bas i n  subregion 

Lake , Oregonb Goose Lake Val l ey 41 0 ET-Goose Lake 1 948 1 0  9 1 5 1 20- 1 , 460 

Modoc , Cal i forn i ab 490 1 964 1 5  230 1 00-450 

Modo c ,  Cal i forn i a  P i t  Ri ver bas i n :  
Al turas bas i n  2 30 P i t  Ri ver 1 964 25 305 1 50-500 

Modoc and Shasta , B i g  Val l ey 260 1 964 25 365 1 50-1 , 380 
Cal i forn i a  

Shasta , Cal i forn i a  Fa l l  Ri ver Val l ey 260 Fal l R i ver 1 964 50 2 1 5 1 00-550 

P l umas and S i erra , Feather Ri ver bas i n :  
Cal i forn i a  S i erra Val l ey 360 Feather Ri ver 1 964 20 425 1 20- 1  ,400 



Tabl e F . 1 2  ( conti nued ) 

Estimated 
Expl oration Data 

County Groundwater Reservo i r  Area Natural Outfl owa 
( km2 ) Number Depth Range i n  

Year of Wel l s Expl ored Dissol ved 
(m )  Sol ids (mg/l i ter ) 

San Joagui n Basi n  subregion 

San Ben i to ,  Cal i forn ia  Panoche Va  1 1  ey 1 30 Panoche Creek 1 20 

Kern , Cal i forn i a  Kern Ri ver Val l ey 70 Kern Ri ver ( Partly overl a i n  by Isabel l a  Reservo i r )  

North Lahontan subregion 

Modoc , Cal i forn i ab Cl osed bas i ns : 
Surpise Val l ey 9 1 0  ET-Al kal i Lakes 1 954 60 245 1 65-2 ,000 

Washoe , Nevedab 30 

Modoc , Cal i forn i a  Madel i ne Pl a ins  700 ET-Tul e La ke 1 964 1 0  260 1 00-245 

Lassen , Cal i forn i ab Honey La ke Val l ey 1 , 270 ET-Honey Lake 1 964 1 00 425 1 75-1 ,350 
" 

Washoe , Nevadab 490 1 967 1 0  1 20 1 70-5 ,000 I w 0'1 

South Lahontan subregion 

Mono , Cal i forn iab Cl osed bas ins : 
Mono Val l ey 520 ET-Mono Lake 1 960 2 290 2 ,000-brine 

Mi neral , Nevadab 80 

Mono , Ca l i  forn ia  Adobe La ke Val l ey 1 60 ET-Adobe La ke 1 962 4 1 0  1 30-280 
Long Val l ey 260 La ke Crowl ey 1 954 8 25 90-1 , 500 

Inyo , Ca l i forn ia  Centennial  ( Bl ack Spr ing s )  1 30 GW to 6-1 2 1 954 360 
Val l ey 

Deep Spri ngs Val l ey 1 00 ET-Deep Spri ngs Lake 1 955 4 235 
Eureka Val l ey 41 0 ET -pl aya 1 955 1 1 1 5  550 
Sa 1 i ne Va 1 1  ey 540 ET -Sal t Lake 1 955  1 1 5  3 ,700-bri ne 

Inyo and San Bernard i no ,  Death Val l ey 3 ,420 ET -Badwa ter 1 961 7 305 550-brine 
Cal  i forn ia  

San Bernardino , Cal i forn i a  W i  ngate Va 1 1  ey 1 80 1 953 660 

Inyo , Ca l i forn iab M iddle  Amargosa bas i n  1 , 350 ET-pl aya 1 962 20 1 45 300-2 , 900 

San Bernardi no ,  Cal i forn ia  Lower Ki ngston ( Val jean)  750 GW to 6-1 8 1 954 1 No water 5 , 300-8 ,600 
Va l l ey to 1 30 ft 



Tabl e F . 1 2  ( conti nued ) 

Est imated Expl orat i on Data 

County Groundwater Reservo i r  Area Natural  Outf1 0wa 
Number Depth Range i n  ( km2 ) Year of Wel l s  Expl ored Di ssol ved 

(m )  Sol i ds (mg/ 1 i ter)  
-----

South Lahontan subregi on  

San  Bernard i no ,  Cal i forn i a  Upper Ki ngston ( Shadow) 700 GW to 6-2 1  1 96 1  1 0  1 20 340-1 , 1 000 
Va l l ey 

R i ggs Val l ey 260 GW to 6-21  1 9 54 45 1 , 740 
Red Pass Va 1 1  ey 390 ET-Red Pass Lake 1 944 1 1 5  
B i cycl e Va l l ey 3 1 0 ET-Bicyc 1 e Lake 1 955  1 35 6 1 0-bri ne 
Avawatz Va l l ey 1 80 ET-Dri nkwa ter Lake 300-700 
Leach Va 1 1  ey 1 80 ET-Leach Lake 1 91 7  22 335 300-6 , 300 

1 nyo , San Bernard i no ,  
Cal  i forn i a  

Mesqu i te Val l ey 3 1 0  ET -Mesquite  Lake 1 9 59 22 335 300-6 , 300 

San Bernard i no , Ca1 i forn i ab 1vanpah Va l l ey 780 ET- 1 vanpah Lake 1 960 1 9  260 290-2 , 200 

San Bernardi no , Cal i forn i a  Ke l so Va l l ey 960 GW to 6-33 1 961  2 1 95 250-750 
Broadwel l Va l l ey 3 1 0  ET-Broadwe 1 1 Lake 1 883 1 330 470-1 , 260 " 

I 

Soda Lake Val l ey 1 , 530 ET-Soda Lake 1 961  20 1 50 240-3 , 400 w (J) 
GW to 6-34 

S i l ver Lake Val l ey 1 00 ET- S i l ver Lake 1 954 3 55 1 , 1 00-1  , 740 
GW to 6-23 

Cron i s e Va l l ey 390 ET-Croni se Lake 1 96 1  1 3  230 450-3 , 1 00 
Langford Val l ey 1 30 ET-Langford Lake 1 958 7 1 60 470-640 
Coyote Lake Va l l ey 390 ET-Coyote Lake 1 96 1  5 1 75 300-2 , 500 
Caves Canyon Val l ey 260 GW to 6-33 1 96 1  5 65 200- 1 , 300 
Troy Val l ey 340 ET-Troy Lake 1 961  20 1 20 280-6 , 500 
E1 Mi rage Va 1 1  ey 3 1 0  G W  to 6-42 1 96 1  7 5 295 320-2 , 600 
Superior Val l ey 440 ET-Superior Lake 1 956 25  1 1 5  360-2 , 300 
Cuddeback Va l l ey 340 ET-Cuddeback Lake 1 956 30 90 370-4 , 700 
P i l ot Knob  Val l ey 520 GW to 6-58 1 9 1 8  1 400 

1nyo , Cal i forn i a  Coso Val l ey 1 30 GW to 6-54 1 946 1 35 
Rose Val l ey 1 60 ET -pl aya 6 55 1 50- 1 , 300 
Darwi n Val l ey 1 80 1 954 3 75 350-750 
Panami nt Va 1 1  ey 930 ET-Panamint  Lake 1 955  3 300 780- bri ne 

Brown Mt . Va l l ey ( 6- 7 6 )  

S a n  Bernardi no ,  Cal i forn i a  Lost Lake Va l l ey 1 00 ET-Lost Lake 1 953 0 360 

1 nyo and San Bernard i no , Ca l i forn i a  Val l ey 2 1 0 ET-pl aya 1 953 2 1 5  350-500 
Ca l i forn i a  



Tabl e F . 1 2  ( cont i n ued ) 

Expl orat i o n  Data 
E st imated 

County GI'oundwater Reservoi r Area Natural  Outfl owa Number Depth Ra nge i n  
( km2 ) Year of Wel l s Expl ored Di ssol ved 

(m )  Sol i d s  (mg/ l i ter )  

Col orado Desert subregion 

San Bernardi no , Cal i forn i a  Cl osed Bas i ns :  
Lanfa i r  Va l l  ey 730 GW to 7-2 1 952 1 8  270 230- 2 , 000 
Fenner Val l ey 1 ,860 GW to 7-7  1 952 5 285 280-870 
Ward Va l l ey 1 , 990 ET-Danby Lake 1 952 2 3 1 5 330-br ine  

Ri vers ide , Cal i forn i a  Chuckwal l a  Val l ey 2 , 250 ET-Pal m Lake 1 952 1 0 1 85 270-br ine  
P i nto Bas i n  800 GW to 7-5 1 937 3 1 70 1 20-830 

San Bernard i no , Ca l i forn i a  Cadi z Va 1 1  ey 1 , 1 1 0  ET-Cad i z  Lake 1 9 1 0  1 1 05 61 0-bri ne  
Br istol  Val l ey 1 ,840 ET-Bri stol Lake 1 9 1 0  8 695 290-bd ne 
Da l e  Val l ey 670 ET-Dal e Lake 1 952 1 0  1 ,060- bri ne  
Twentyn i ne Pal ms Val l ey 960 GW to 7-9 1 952 50 1 50 1 00- 1 , 1 80 

Copper Mt.  Val l ey ( 7- 1 1 )  
Warren Val l ey ( 7- 1 2 1  

Deadman Val l ey 750 GW to 7- 1 0 1 952 35 1 80-600 " 
Ames Val l ey ( 7 -1 6 )  I W 

Lav i c  Val l ey 1 00 ET-Lav ic  Lake 1 9 1 7  40 1 , 680 ..... 

Bessemer Val l ey 1 80 ET -Ga 1 way La ke 
Means  Va l l ey 1 00 ET-Means Lake 
Johnson Val l ey 360 GW to 7-1 7 1 952 45 340-61 0 

Imperi al , Ca l i forn i a  West  Sal ton Sea bas i n  750 Sal ton Sea 1 950 3 2 , 260-brine  
Cl ark Val l ey 1 00 ET-Cl ark Lake 

San Di eg o ,  Cal i forn i a  Ocoti l l o  Val l ey 2 1 0  GW t o  7-30 1 952 6 65 700 
San Fel i pe ( Earthquake ) 1 60 San Fel i pe Creek 1 952  3 1 , 060 

Va 1 1  ey 
Va l l ec i to and Carrizo 3 1 0  GW t o  7-30 

Va 1 1  eys 

Imperi al , Ca l i forn i a  Coyote Wel l s  Val l ey 260 GW to 7-30 1 948 6 50 440-8 , 700 
Imperial  Val l ey 4 ,840 Sal ton Sea 80 335 690- 7 , 500 

Ri vers i d e ,  Cal i forn i a  Orocopi a  Val l ey 360 GW to 7-21  1 952 350-1 , 500 
Chocol ate Val l ey 3 1 0  GW t o  7-33  350- br i n e  

Ri vers i de and Imperi a l , East Sal ton Sea bas i n  1 , 1 70 Sa l ton Sea 1 952 4 1 00 350-3 ,850 
Cal i forn ia  

From Thomas and Phoen i x  ( 1 976 ) .  
aNatural outfl ow :  ET ,  evapo transpi rati on ; GW , groundwater outfl ow .  
b I n terstate reservoi r ;  data g i ven apply on ly  to part of  reservo ir  i n  tha t s tate .  
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Al l uvia l  sed iments i n  the various  val l eys and pl a i ns compr i se  the mos t  abundant groundwater 
reservoi rs .  Ba sa l t i c  rocks , h owever , are prol i f i c  aqu ifers i n  the Cascade Range and Modoc 
Pl ateau areas , wh i c h  encompa ss  approx imatel y 1 5  percent of the reg i on .  Consol idated roc ks and 
res i duum assoc iated wi th the S ierra Nevada , Coast  Ranges , and Bas i n  Ranges are only l oca l l y  
important a s  g roundwater reservo i r s .  

The a l l uv i a l  aqui fers i n  the Central Val l ey ( Sacramento a n d  San Joaq u i n  bas i ns subreg ions ) 
occupy 1 0  percent of  the reg i on ' s  l and area . The predomi nantly sand and g ravel water-beari ng 
uni ts are separated by s i l t  and c l ay depos i ts ,  l oca l l y forming  confi ned aqui fers . Depths to 
water and pumpages from i nd iv idual  aqui fers are g i ven i n  Tab l e F . l l .  

Fol ded and faul ted sedimentary and metamorphi c  roc ks cons ti tute the Coast  Ranges , wh i c h  can be 
d i v i ded i nto four subreg i ons : North Coastal , Centra l Coasta l , South Coastal , and San Franci sco 
Bay ( Ta b l es F .  1 0  a nd F . l l ) .  The aqu i fers cons i s t  of s tream and va l l ey a l l u v i um and fau l ted con
so l i dated rocks . 

The North and South Lahontan and Col orado Desert subregi ons are the mos t  ar id  i n  the reg i o n ,  
i nc l ud i ng the Mojave and Co l orado deserts and the dry val l eys o f  the Great Bas i n .  The g ro und
water reservoi rs are compri sed of the val l ey-fl oor and a l l uv i a l  fan depos i ts .  

T h i ck  sequences of l ava fl ows and tuffs and vol can i c  cones occur i n  the northeastern portion of 
the reg io n .  Espec i a l l y  i n  the val l ey area s ,  s u c h  as the Kl amath a n d  Sacramento Ri ver bas i ns ,  
these vo l canics  are permeabl e enough to be consi dered prol i fi c  aqui fers . The vo l can ic  roc ks 
consti tu te an area of more than 26 , 000 km2 ( 1 0 , 000 sq mi l i n  the North Coastal , Sacramento 
Ri ver, and North Lahontan  su breg ions ( Ta bl es F . 1 0  and F . l l ) .  

The qua l i ty of g roundwater genera l l y  decreases (as  does tota l prec i p i tati o n )  from north to south 
wi thi n the reg io n .  Wi thi n  any one subreg i o n ,  the qua l i ty vari es over a wi de range from aqui fer 
to aqui fer ( Ta b l es F .  1 0  a nd F . l l ) .  The concentrati ons i n  groundwaters of the North Coastal  sub
reg i on vary from 30 to 2000 mg/L .  The Central Coastal  subreg i on has TDS concentra ti ons between 
1 70 and 5000 mg/L.. Other subregi onal areas and ranges i n  groundwater TDS concentrations ( i n  
mg/L ) a re :  San Franc i sco Bay, gO to 7000; Sou th Coasta l , 1 00 to 9000 ; Centra l Val l ey ( Sacramento 
and San Joaqu i n ) , 80 to 5000;  North Lahontan ,  1 00 to 5000 ; South Lahontan , 80 to 350 ,000;  Col orado 
Desert,  1 00 to 3 5 , 000 . 

Recharge to the groundwater reservoi rs ta kes p l ace throug h  i nfi l tration  of prec i pi ta tion  i n  the 
form of ra i nfa l l  a nd of snowmel t from the h i gh mounta i ns . Some recharge occurs from downward
percol at ing i rr i gation  water.  D i scharge ta kes pl ace primari l y  through spri ngfl ow , evapotrans
p i ration , and underfl ow to l ower val l eys . 

Groundwater i n  the Ca l i fornia reg ion  i s  used mos t extens i vely for i rri gati on .  Add i ti ona l uses 
a re for domes ti c ,  mun i c i pa l , and i ndustr ia l  uses (Thomas and Phoen i x  1 976 ) .  

I n  the Ca l i forn i a  Wa ter Resource Reg i o n ,  average annual runoff i s  equ i va l ent to 230 x 1 06 m 3/day 
( 62 bgd ) ( U . S .  Geo l ogical  Su rvey 1 977 ) . Prec i p i ta tion  i s  subject  to l arge seasonal , yea r-to
year ,  and geograph i c  variat ion  ( Wa ter Resources Counc i l  1 974 ) .  Of the total off-channel water 
wi thdrawa l s  of 1 90 x 1 06 m 3/day ( 5 1  bgd ) i n  1 975 , surface fres hwater wi thdrawal s accounted for 
a bout 83 x 1 06 m 3/day ( 2 2  bqd ) , fresh groundwater a bout 72 x 1 06 m3/day ( 1 9  bgd ) ,  and sal i ne 
surface water about 38 x l Ob m3/day ( 1 0  bgd ) .  About 56 percent of freshwater wi thdrawn wa s 
consumed . Irrigation i s  the g reates t water user and consumer of freshwater i n  the reg ion  
(Tab l e F . l )  ( U . S .  Geo l ogical  Survey 1 977 ) .  Co l orado Ri ver water v ia  the  Al l -American and 
Coachel l a  cana l s  serves a bout 240, 000 ha ( 600, 000 i rri gabl e acres ) in the Sal ton Sea bas i n  
( Imperia l  Irrigation D i s tr ict ) . Thermoel ectric  power (condenser and reactor cool i ng )  accounts 
for most of  the sa l i ne surface-water use ,  wh i l e  i rr i gation  accounts for mos t of the groundwater 
u se ( U . S .  Geo l ogical  Survey 1 977 ) .  

Hydroel ectric power genera tion uses a bout 280 x 1 0 6  m3/day ( 74 bgd ) ,  wi th the Cal i fornia reg ion  
ranki ng ahead of seven other regi ons in  the  contermi nous Uni ted States in  th i s  respect ( U . S .  
Geo l o g i cal  Survey 1 977 ) .  

Temporal and spatial  var iat ion i n  water ava i l a bi l i ty have been l argely  overcome by water devel op
ment projects , espec i a l l y  the Ca l i forn i a  State Water Project and Central Val l ey Project .  
Eventua l i ncreased competi tion for water i s  forecas t ,  wi th pos s i b l e  l imi tations  for agri cul tura l 
devel opment . However , the extens i ve water devel opment of  the reg i o n ,  coupl ed wi th i ncreased use 
of  l ower qual i ty waters for energy tec hno l o g i es , is seen as provi d i ng genera l l y  adequate water 
suppl i es for the reg ion  ( Wa ter Resources Counc i l  1 974 ) . 
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F . 1 8  PAC I F I C  NORTHWEST WATER RESOURCE REG ION 

The Pac i f i c  Northwes t Wa ter Resource Reg ion , wi th an area of about 700 , 000 km2 ( 27 1 , 000 sq mi l 
( U . S .  Geo l og i cal Survey 1 97 7 ) , i nc l udes the Co l umbi a  Ri ver and i ts major tri bu tar ies ( Snake , 
Owyhee , Salmon , Deschutes , W i l l amette , Cl ark Fork ,  Koo tena i ,  and Pend Ore i l l e  ri vers ) ,  as wel l  
as other coasta l  r i vers i n  Wash i ngton  and Oregon ( Skag i t ,  Cheha l i s , and Rogue ri vers ) .  Large 
natural l akes i nc l ude Fl athead , Coeur d ' A l ene , Pend Orei l l e , and Jac kson l akes i n  the headwaters 
of the Co l umb i a  Ri ver sys tem ; o ther natural l a kes such as Mal heur and Harney l akes are i n  the 
part of southeastern Oregon that i s  phys i og raphica l l y  i n  the Great Bas i n .  Crater La ke formed i n  
the col l a psed vol can i c  cone o f  Mount Mazama . The Col umb i a  Ri ver sys tem i nc l udes maj or impound
men ts , such as  Frankl i n  Roosevel t La ke ( one of the ten l argest  i n  the na ti on  i n  terms of storage 
capac i ty )  (Wa ter Information  Center 1 973 ) on the Col umbi a  Ri ver and other major  reservoi rs on 
t he tri butari es . The Skag i t  R i ver a l so i nc l udes a major  reservo i r ,  Ros s Lake . Coasta l  areas 
i nc l ude the mou th of the Co l umbia R i ver,  Puget Sound , and numerous other bays i n  Wash i ng ton and 
Oregon .  

S urface waters of t he  Pa c i f i c  Northwest Water Resource Reg ion  are typ i ca l l y  soft « 60 ppm hard
ness  as  CaC0 3 ) i n  Was h i ngton , Oregon , and  northern Idaho . Moderate hardness ( 60 to 1 20 ppm )  i s  
more common a l ong the Co 1 umbi a R i  ver above the mou th o f  the Snake R i  ver ,  i n  the Sna ke-Olvyhee 
boundary area between Oregon and Idaho , and in mos t of southern Idaho . Hard waters ( 1 20 ppm and 
above ) are found i n  southeas tern Idaho and i n  the Sna ke Ri ver near Boi s e ,  Idaho . D i sso l ved 
so l i ds l evel s are genera l l y  l owes t  « 1 20 ppm TDS ) in Was h i ngto n ,  western Oregon , and northern 
Idah o .  Modera te 1 evel s ( 1 20 to 350 ppm )  are found i n  southern Idaho , eas tern Oregon , and areas 
i n  ea stern Was h i ng ton . Sa l i n i t ies  a bove 350 ppm are found i n  i so l ated areas i n  southeas tern 
Oregon ( phys i ograph ica l l y  i n  the Great Bas i n )  and central Was h i ng to n .  Suspended sedi llient ( TSS ) 
l evel s are genera l l y  l ow « 2 70 ppm )  i n  Wash i ngton , wes tern and southern Oregon , northern Idaho , 
a nd some i mpounded and headwater reaches of the upper Snake Ri ver sys tem . H i ghest  l evel s 
( >1 900 ppm )  are found i n  parts of the Snake Ri ver Pl a i n  i n  Idaho . Intermedi a te l eve l s  ( 270 to 
1 900 ppm )  a re found a l ong the Snake Ri ver ma i nstem and other parts of southern Ida ho and i n  
areas o f  eastern and central Oregon (Water I nformation Center 1 973 ) .  

Nonpoi nt-source d i scharges are important i n  reg i onal water qual i ty degradati o n . Mi nera l i zati on  
from mi nera l m i n i ng ( Idaho ) ,  accel erated runoff from s i l v icu l ture , and agri cu l tural runoff 
( i nc l ud i ng pesti c i de resi dues ) a re maj or prob l ems . D i ssol ved oxygen l evel s i n  the W i l l amette 
R i ver , formerly s tressed by ammon ia  was tes , are now u nder control . Severa l l akes i n  eas tern 
Wa s h i ng ton are eu trophi c ;  in many cases , the l a kes are natura l l y  i n  advanced succes s ional  stages , 
wh i l e  nonpo i nt-source pol l ut ion  i s  a l so impl i cated . The Boi se Ri ver and Mi ddl e Cheha l i s  Ri ver 
are c i ted by the E PA as  cases where waste trea tment has resul ted i n  water qual i ty i mprovement 
( U . S .  Env i ronmental Protection  Agency 1 977 a ) . 

The Pac i fi c  Northwest reg ion  has g roundwater s uppl i es obta i nabl e from i gneous i ntrus i ve ,  i gneous 
extrus i ve ,  metamo rph i c ,  and consol i dated sedimentary rocks and from unconso l i da ted sed iments . 
Wel l y i el ds range from genel"a l l y  smal l to l oca l l y  l arge . 

The aqui fers i n  the mou n ta i n  range area are predom i nantl y crysta l l i ne and metamorph ic  rocks and 
sedimentary rocks . The produc i ng zones are co i nc i dent w i th frac tures , j o i nts , and fau l ts .  
Resi dual materi a l  a 1 so produces smal l wel l y i el ds . The best wel l  yi el ds are obtai ned from sand 
and gravel sed iments i n  the i ntermontane val l eys . 

Much of the reg i o n  i s  underl a i n  by l ava fl ows , wh i ch a re i nterbedded w i th and mant l ed i n  pl aces 
by fl uv ia l  and l acrus tr i ne sed i ments . Indi v i dual fl ows range i n  th i ckness from l ess than 1 0  m 
to more than 1 00 m .  The enti re vo lcan ic  sequence varies between tens of meters to more than 
severa l  h undred meters th i c k .  The bes t produc tion zones i n  the basa l ts are those i n  wh i ch l ava 
tubes , abundant ves i c l e s ,  s h r i n kage crac ks , and unconform i ti es exi s t .  Permeabl e sands and 
gravel s i n  the sect ion  a l so yie l d water to wel l s .  The h i g hes t y i e l d i ng aqui fers are unconso l i 
dated depos i ts a l ong s tl'earn val l eys ,  some o f  which  are o f  g l ac i a l  ou tlvas h  or i g i n  ( Wa l ton 1 970 ) .  

I n  the Pac i f i c  No rthwest Water Resource Reg ion , average annual runoff i s  equ i v a l ent to 
800 x 1 06 m3/day ( 2 1 0  bgd ) . Of the total off-channel water wi thdrawa l of no x 1 0 F. m 'J/day 
( 33 bgd ) i n  1 97 5 ,  s urface freshwater wi thdrawa l s  accou nted for 99 x 1 0 6  m J/CiiY ( 26 b£jd ) ;  fresh 
g roundwa tel' contri bu ted the rema i nder . About 33 percent of fres hwater I'li thdrawn was consumed 
( U . S .  Geo l og i cal  Survey 1 97 7 ) .  

I r r i gation  accounts for the major  portion  of water use  and freshwa ter consumpt i on ( Tab l e  F . l ) .  
I rr i gation  and , to a l es ser extent, i ndus try domi na te groundwater use .  The Pac i fi c  Northwes t 
reg i o n  uses 5700 x 1 06 m 3/day ( 1 500 bgd ) for hydroel ectr i c  power , a l most  hal f the na ti onal 

" to ta l , and the g reates t use of  any reg ion  in the nation ( U . S .  Geo l og i cal Survey 1 977 ) .  Because 
of  freezi ng cond i ti ons ,  runoff i n  the Co l umbi a  R i ver sys tem i s  l owes t in  the w i n ter when power 
l oads are h i ghes t ;  streamfl ow regu l a tion  has l arge ly  compensated for th i s  imba l ance (Water 
Resources Counc i l  1 974 ) .  
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The Water Resources Counc i l  has projec ted a general ava i l a bi l i ty of energy-rel ated water suppl i es 
i n  the foreseeab l e future , particu l arly for the wes tern porti on  of the reg ion  where major l oad 
c enters are l ocated (Water Resources Counci l 1 974 ) .  
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APPENDIX  G .  LAND USE PATTERNS 

I nfo rmation on l and use patterns for the contermi nous Uni ted States i s  ei ther very general or  
very s peci fi c .  On  the one  hand , many deta i l ed s tudi es of re l at ive l y  smal l areas i n  vari ous 
parts of the country have been done .  Much of th i s  work cannot eas i l y  be appl i ed to a more 
genera l analys i s  because d i fferent approaches to the probl em ,  di fferent scal es of exami nati on , 
and di fferent c l a s s i fi cat ion systems resul t i n  data that are not comparabl e from one area to 
another . On the other hand , anal yses that are general enough to cover the who l e  country often 
l ack  enough preci se i nformati on to permi t an assessment of a particu l ar probl em .  

The fo l l owi n g  anal ys i s  of  l and use patterns has made exten s i ve use o f  the Conservati on Needs 
I nventory (CN I ) data base because th i s  base permi ts a national assessmen t  of l and use patterns 
u s i n g  data gathered at the county l evel . The CNI da ta base is somewhat dated ( 1 967 ) ,  but th i s  
di sadvantage i s  offset by the fact that reg i onal patterns of l and use are apt to change very 
s l ow l y .  Add i t i onal reports on potential  crop land (D i deri ksen et al . 1 977 ) , prime farml and 
( Schmude 1 977 ) , and su rface-di sturbed l ands ( U . S .  Department of Agri cul ture 1 97 7 )  were used to 
update the CNI i nformati on . 

Farm producti on regi ons  have been used as the bas i c  framework  for di scus s i ng  l and use patterns 
because most  of the current i nformat i on on agricul tural l ands i s  reported u s i n g  th i s  system . 
F i gure G . l  i s  a map of the farm production reg i o n s .  The ten demand regi ons  used i n  the anal yses 
in thi s i mpact statement are presented in F i gure 3 . 3 .  Both reg i onal systems use state bound
aries to separate reg ions ; t hu s ,  nei ther system refl ects natural boundaries of resource areas . 
Austi n ' s  publ i cation on l and resource regions  of  the Un i ted States ( 1 96 5 )  conta i ns a more 
deta i l ed d i scus s i on of l and use i n  part i cu l ar subarea s .  

The fo l l owing  text i s  a general descri pti on o f  l and u s e  for each farm producti on reg ion  ( see 
Fi g .  G . 2 )  and a brief descri pti on of some of the more important current i mpacts of coal m i n i ng 
on the reg i onal l and . 
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Fi g .  G . 2 .  Land Use Patterns for Farm Prod ucti on Reg i ons  of the U n i ted State s .  Based o n  data from 
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G. 1 NORTHEAST FARM PRODUCTION REGION 

G-3 

The el even s tates that form the Northeast Fa rm Production Reg i on cover an area of  approximate ly  
45  mi l l i on hectares ( 1 1 2  mi l l i on acres ) .  The area has a vari ety of  phys i ograph ic  features , 
i ncl uding porti ons of the northern coastal p l a i n  and northern pi edmon t ;  the northern Appal achi ans 
with the i r  assoc i ated pl ateaus , val l eys,  and ri dges ; and a porti on of  the centra l l owl and that 
extends a l ong the eastern s hore of Lake Erie (Hunt 1 974 ) .  The c l imate varies wi th Lake Eri e ,  
the Atl antic Ocean . and the Connecticut Ri ver Val l ey moderating l ocal cl imates i n  va ri ous parts 
of the regi on .  

Land use patterns i n  the northeast Farm Production Region  ( F i g .  G . 3 )  are di scussed i n  some 
deta i l  i n  Austin ( 1 965 ) .  Forestl and i s  the predomi nate l and use i n  the reg i on ( Fi g .  G . 2 ) ,  wi th 
agri cul tural acti vi ties ( i . e  • •  cropl and and pasture ) accounting  for 22 percent of the area . 
Farmi ng throughout much of the reg ion i s  res tricted by mountai nous and h i l ly terrain that has 
s hal l ow .  rel ative ly  inferti l e  soi l s .  However.  in areas a l ong the coas ta l p l a i n .  the pi edmont,  
the shores of  Lake Erie,  and the Connect icut Ri ver Val l ey ,  rel ati ve ly  good soi l s  and somewhat 
moderate cl  imate permi t a greater variety of crops to be grown . For much of the reg i on , hay and 
forage for dai ry herds account for much of the agri cul tural  acti v i ty .  

There are approximately 7 mi l l ion  hectares ( 1 8  mi l l ion acres ) of  prime farml and in the el even
state reg ion , but only about 50 percent ( 3- 1 / 2  mi l l i on hectares  [8. 9 mi l l i on acres ] )  was cropped 
in 1 975 ( Schmude 1 977 ) . An estimated 200 , 000 hectares ( 400 , 000 acres ) cou l d  eas i l y  be sh i fted 
to crop use . Prime l and not presentl y cropped is used for pas ture or forest ,  or i s  being he l d  
for future urban expans ion .  Some of thi s uncropped prime l and i s  o f  such smal l acreages tha t 
bring i ng i t  into production is not feasibl e .  
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F i g .  G . 3 .  Land Resource Reg i ons W i th i n  the 
Boundari es of the Northeast Farm 
Production Reg ion .  From Austin  
( 1 965 ) .  
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The reg i on i s  one of  the most  heav i l y popu l a ted and i ndu stri a l i zed areas of the country .  Urban 
l and use accounts for 8 percent of the l and in the reg i on .  From 1 96 7  to 1 975 , an esti mated 2 
percent of the prime agricu l tura l l and i n  the reg i on ( approx imatel y  384 , 000 hectares [948 , 480 
acre s ] ) was converted to urban u se or covered by water and permanentl y removed from agri cul tura l  
use . 

Coa l resources and producti on are essenti a l l y  restri cted to the states of Pennsyl van i a  and 
Maryl and . Land use patterns i n  the coal resource counties  are essenti a l l y  s imi l ar to those of 
the reg ion , except that a s l i g htl y h i gher percentage of  pasture l and is found i n  the coal count ies  
(Ta b l e  G . l ) . Land used by a l l  types of m i n i ng acti v i ties  tota l ed about 239 , 000 hectares 
( 591 , 000 acres ) in  the reg i on ( Paone et al . 1 974 ) duri ng the peri od 1 930 to 1 971 , w i th 4 3  percent 
of thi s total resu l ti ng from mi n i ng for bi tumi nous coal . I n  1 977 , the U . S .  Soi l Conservati on  
Servi ce ( SCS ) reported that  1 24 , 849 hectares ( 308 , 507 acres ) of l and were suffi c i ently d i sturbed 
to requi re recl amati on ( U . S .  Department  of Agri cul ture 1 977 ) .  

Tabl e G . 1 .  Percent  of Reg i onal  Land Use i n  Coal Resource Coun ties 

% of Reg i on 
Occupied by Coa l Pasture/ 

Reg i on Resource Count i es Crop Forest Urban Federal Range Other 

Northeast 1 7  1 7  1 7  1 4  1 3  2 1  1 8  

Appa l ach ian  26 1 6  32 20 22 23  25  

Southeast 9 8 9 1 0  3 9 5 

De l ta States 1 0  6 1 1  9 22 1 0  3 

Co rn Bel t 36 36 35 30 22 39 35 

La ke States 

Northern P l a i n s  1 3  1 3  1 5  1 5  22 1 2  1 2  

Sou thern P l a i n s  1 2  7 31 1 6  29 8 1 4  

Mounta i n States 33 25 49 34 26 41  4 1  

Paci f i c  4 2 7 7 3 2 3 

Coal mi n i ng has had an important effect on l and use i n  thi s regi on . Contour mi n i ng on h i l l y to 
mounta i nous  terra i n  and min i ng for anthraci te i n  western Pennsyl vani a  have d i rect ly  removed many 
forestl ands from production and have created severe eros i on on adjacent l ands . Acid  m ine  dra i nage 
i s  a severe prob l em i n  parts of the reg i o n ;  i t  has undoubtedly reduced the producti vi ty of the 
l ands affected by i t .  Al though no detai l ed i nformation is avai l abl e ,  the amount of  l and 
i n fl uenced by these impacts i s  pro bab ly  equal to an  area as l arge as  that wh ich  i s  actua l l y  
mi ned . 

G . 2  APPALACH IAN FARM PRODUCTI ON REGION 

The fi ve s tates that make up the Appa l ach i an Farm Producti on Reg i on cover an area of about 
50 mi l l i on hectares ( 1 24 mi l l i on acres ) and i nc l ude a wi de variety of phys i ograph i c  features . 
The reg i on conta i n s  fl at coastal p l a i n s ;  rol l i ng upl ands of the pi edmont ;  the mounta i n s  of the 
Bl ue Ri dge ; and ri dges , val l eys , and d i s sected p l ateaus to the wes t  ( Hunt 1 974 ) .  A di scus s i on 
of  l and  use w i th i n  the l and resource reg i ons  s hown i n  F ig ure G . 4 i s  g i ven by Austi n ( 1 965 ) . I n  
general , the l and use pattern i s  markedl y affected by the varied terra i n .  Forestl ands cover 
s l i ght ly  more than hal f of the reg ion  ( F i g .  G . 2 )  and range i n  s i ze from smal l farm woodl�ts -to 
exten s i ve forest tracts owned by mi n i ng and t imber i n teres ts . Approxi mate ly  90 percent of the 
reg i on ' s  forestl ands are pri vate l y  owned . Federal l ands , wh i ch con s i s t  primari l y  of nati onal 
parks and nati onal forests , represent on l y  7 percent of the total forest area . 

Agri cul tural l and i s  genera l l y  restri cted to the more l evel porti ons of the l andscape , such as 
fl oodpl a i n s  of major r i vers and streams and ro l l i ng  upl ands . Major  crops grown in the area 
i ncl ude corn , other feed gra i n s , and hay . Tobacco i s  an important  cash crop i n  parts of the 
reg i on ,  and producti on of frui ts and vegetabl es for l oca l markets is commo n .  Pasture and range 
for cattl e and other l i vestock represen t about 1 3  percent of the reg i onal l and use .  
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F i g .  G . 4 .  Land Re source  Reg i ons  w i t h i n  the Boundaries  o f  the Appa l ach i an Farm 
P roducti on Reg i o n .  F rom Au sti n ( 1 965 ) .  

A recent SCS study shows that i n  1 975 about  8 mi l l i on hectares ( 20 m i l l i on acre s )  of  non -Federa l 
l and we re used for c rop l and i n  t h i s  reg i o n .  An est i mated 1 1  mi l l i on hectares ( 26  mi l l i on acre s )  
o f  prime farml and a re present i n  t h e  reg i on , b ut  on l y  about 5 mi l l i o n  hectares ( 1 3  mi l l i on acres ) 
a re presen t ly  c ropped .  A l though Appa l ac h i a  has one o f  the h i g hest  potenti a l s fo r s h i fti ng 
s i gn i fi cant pr ime l ands to c ropl and use , onl y about  2 mi l l i on hectares (4  mi l l i on acres ) cou l d  
b e  eas i l y  s h i fted . P resent use  o f  the noncropped pr ime l ands  i s  pasture and fo rest .  Convers ion  
o f  pr ime farml and to  i rretri evab l e uses  duri ng the  per i od 1 967 to  1 9 75 i s  e s t i mated at  approxi 
mate l y  3 1 2 ,000 hectares ( 770 , 000 acres ) .  

Coal m i n i ng i n  the  Appal ach i an Farm P roduct ion Reg ion  has res u l ted i n  majo r  l and use  i mpacts . 
Con to u r  stri p mi n i ng and deep m i n i ng i n  the  rugged te rra i n  o f  the mounta i n s  and associ ated h i l l s  
a re the mos t  common types o f  m i n i ng opera t i on s  i n  the reg i on ( U . S .  Army Corps o f  Engi nee rs 1 974 ) .  
Area s tri p mi n i ng does occur  i n  pa rts of  weste rn Kentucky .  As shown i n  Tab l e  G . l ,  most of the 
l and a rea i n  the coal resource counties  i s  fo res tl and .  The coal count i e s  t'e present 26 percen t of 
the tota l  l and a rea of  the reg i on ,  but conta i n  32 percent of forests in the reg i on and on l y  
1 6  percent of  the c rop l ands . 

Contou r  stri p mi n i ng i s  the  mos t  consp i cuous  coal  opera t i on throughout much of the reg i on because  
it  l ea ves  b road s cars across the  h i l ly to  mounta i no u s  te rra i n .  Th i s  type o f  m i n i ng genera l l y 
has  an i mpact on fo restl ands , repl ac ing  them w i th excava t i ons , spo i l  banks , bu i l d i ng s ,  s to rage 
fac i l i ti es , was te d i sposal  a reas , coal p rocess i ng fac i l i t i es ,  and access and haul  roads  ( Doyl e 
1 9 76 ) .  Th i s  l as t  use , i n  parti cu l a r ,  can res u l t i n  a s i gn i f i cant amoun t  of damage because of 
ero s i on potenti a l . Deep mines general l y  produce l ess  conspi cuous  i mpacts on the l and . Excava
ti on a t  the mine  mou th , b u i l d i n g s , roads ,  and waste and storage areas account for the b u l k of 
s u rface d i sturbance . Howeve r ,  a l es s  obv i ous , but i mportan t , l and use  i mpact i s  subs i dence 
associ ated w i th deep m i n e  operati on s .  Such  d i s tu rbance can seve re l y  l i m i t the future u s e  of 
such a reas . 

A recent s urvey of s u rface d i stu rbance assoc i a ted w i th mi n i ng shows that coal  mi n i n g  i n  the 
Appa l ach i an reg ion has d i s turb.ad about 1 67 ,000 hec ta res ( 4 1 3 , 000 acres ) of  l and in need of 
reclamat ion ( U . S .  Department of  Agri cul ture 1 977 ) .  Approxi mate l y  58 pe rcen t of th i s  d i sturbed 
a rea ( 97 , 000 hectares  [240 , 000 acres ] )  i s  abandoned mi ne l an d .  

L e s s  d i rect ,  b u t  equal l y  i mportant ,  l and u s e  i mpacts res u l t i n g  from coal ml n l ng i n  t h e  Appa l ac h i an 
Fann P roducti on Regi on i nc l ude ( 1 ) l an ds l i des assoc i a ted wi th unstab l e  spoi l ban ks ;  ( 2 )  eros i on 
from excava t i on s , spoi l and waste p i les , and roads ; and ( 3 )  ac i d  mi ne dra i nage emanat ing  from 
m i ned areas and mi ne was tes . Eros i on of so i l  and l each i ng by a c i d  dra i nage waters have undoubtedl y  
contri b u ted t o  an overa l l reduct ion of  t h e  ferti l i ty a n d  l ong-term producti v i ty of l ands  adjacent 
to mined  a reas . Howeve r ,  l i tt l e  i nformation  i s  avai l ab l e on the  types of  l and a ffected and the 
amount  of  damage done . 
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G . 3 SOUTHEAST FARM PRODUCT ION REGION 

The Southeast Farm Producti on Reg i on covers a four-state area of about 50 mi l l i o n  hectares 
( 1 24 mi l l i on acres ) .  The area i nc l udes coasta l p l a i n ,  rol l i ng p iedmon t ,  and a southern extens i on 
of the Appal ach i an sys tem to t he north ( Hunt 1 974 ) .  Four l and resource reg i ons  ( F i g .  G . 5 )  are 
descri bed by Aus t i n  ( 1 965 )  for t h i s  product i on reg i on .  

Land u se pattern s i n  t he Southeast Farm Production Reg i on are domi nated by forestl ands ( Fi g .  G . 2 ) .  
A l arge part o f  the coastal pl a i n  and pi edmont i s  used for commerci a l  forest product i on of 
l umber , pu l pwood ,  and other t imber products . Cotton i s  a major cash crop i n  much of the reg i on , 
and a vari ety of feed gra i n s  and forage are produced for l i vestoc k .  Dai ry herds , especi a l l y  i n  
the v i c i n i ty o f  l arge popul at ion centers , are becomi ng  an i ncreas i ng l y  important  el ement o f  
regi onal agricu l ture . T h e  southern two-thi rds of Fl orida i s  we l l  known for i ts ci trus a n d  fru i t  
product ion a s  wel l as  for the l arge amounts of w i nter vegetabl es grown there . 

Pr ime agri cul tural l and  total s approxi mate ly  1 0  mi l l i on hectares ( 24 mi l l i on acres ) ,  of wh i c h  
o n l y  4 mi l l i on hectares ( 9  mi l l i on acre s )  are presen tl y cropped ( Schmude 1 977 ) .  A n  estimated 
1 mi l l i on hectares ( 3  mi l l i on acre s )  cou l d  be eas i ly s h i fted to crop producti on .  Much of the 
noncropped prime l and  i s  present ly  used as  pasture or fo rest , but espec i a l ly  i n  Fl orida , much i s  
hel d for future urban-rel ated deve l opments . A n  estimated 645 , 500 hectares ( 1 , 600 , 000 acre s )  of 
prime farml and were converted to urban use or covered by water duri n g  the peri od 1 967  to 1 975 .  

Coal reserves i n  th i s reg i on are res tri cted to  a re l at i ve ly  smal l area i n  northern A l abama and 
adjacent Georg i a . Th i s  area i s  part of the Appal achian  system , and l and  use and i mpacts 
assoc i a ted w i th coal mi n i ng are s imi l ar to those descri bed for the Appa l achian  Farm Producti on 
Reg i on .  I n  1 977 the SCS reported that an estimated 42 , 1 85 hectares ( 1 04 , 241 acres ) of l and  i n  
need of  rec l amati on have been d i sturbed by coal mi n i ng operati on s  ( U . S .  Department o f  Agri cul ture 
1 97 7 )  . 
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F i g .  G . 5 .  Land Resource Reg i ons  W i t h i n  the 
Boundaries  of the Southeastern 
Farm Production  Reg i on .  From 
Aus t i n  ( 1 965 ) . 
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G . 4  DELTA STATES FARM PRODUCTION REGION 

The De l ta States Farm P roduction  Reg i on i nc l udes three s tates and covers an area of  approx i 
mate l y  3 7  m i l l i on hectares ( 92 mi l l i on acres ) .  The four  l and resource reg i ons descri bed by 
Austi n ( 1 965 ) for these s tates are shown i n  F i g ure G . 6 .  Much of the area is coastal p l a i n ,  and 
l and use i s  s i mi l ar to that descri bed for the coasta l p l a i n  of the Southeas tern Farm P roduct ion 
Reg i on .  The mos t  produc ti ve agricul tural l ands are found a l ong the Mi s s i s s i ppi  R iver where the 
ferti l e  so i l , when art i fi c i a l l y  dra i ned , supports such  crops as cotton , r i ce , sugar cane , and 
corn . The Ouach i ta Moun ta i n s  and the Ozark P l ateau i n  northwestern Arkansas are h i l ly to moun
tai nous l ands supporting  forests . Agri cul tural acti v i ties are ma i n l y  restri cted to va l l ey 
bottoms . 

There are approx imate l y  1 2  mi l l i on hectares ( 30 mi l l i on acres ) of prime farml and i n  th i s  three
s tate reg i on . About  51 percent of th i s  l and was used for cropl and duri ng  1 975  ( Schmude 1 977 ) .  
An es timated 1 mi l l i on hectares ( 2  mi l l i on acres ) cou l d  be eas i l y  s h i fted to cropl and use.  
However ,  the 202 , 344 hectares ( 500 ,000 acres ) of  pri me l and converted to urban use or covered by 
water duri ng  the period 1 967  to 1 975 have been permanently removed . 

The coal resou rces o f  thi s reg i on are predomi nant ly  l i gn i te depo s i ts sca ttered throughout the 
area , but  a l i mi ted depos i t of  b i tumi nous  coal is present in western Arkansas . The l and use 
pa ttern of the coa l  count ies is general l y  s imi l ar to that of the reg i on ,  except that the coal 
coun t i es have a h i g her proport i on of  Federal l and and a smal l er proporti on of  cropl and .  The SCS 
has estimated that approximate l y  3000 hectares ( 7500 acres ) of l and in the Del ta States need 
recl amat i on because of coal m i n i ng operations .  
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G . 5 CORN BELT FARM PRODUCTION REG I ON 

Land Resource Reg i ons W i t h i n  the 
Boundaries of t he Del ta States 
Farm Producti on Reg i on .  From 
Au st in  ( 1 965 ) .  

The f i ve s tates that form the Corn Bel t Farm Product ion Reg i on cover an approximate area of 
67 m i l l i on hecta res ( 1 65 mi l l i on acres ) .  Th i s  reg i on i s  one of the most important gra i n -producing  
areas of  the  worl d .  The  reg i on ' s  domi nant phys i og raph i c  feature i s  the  central l owl and ,  wh i c h  
i s  a vast p l a i n  covering a l arge porti on of  m i d-America (Hunt 1 974 ) .  T o  the south , the Oza rk 
P l ateau of southern Mi ssouri forms a rol l i ng upl and . I n  southern I nd iana  and eastern Oh i o ,  the 
d i ssected pl ateaus of the Appa l achian  system become the domi nant e l ement of the l andscape . 
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Fi g .  G . 7 .  Land Re source Reg ions  Wi th i n  the Boundari es of the Corn 
Bel t Farm Producti on Reg i on .  From Austi n ( 1 965 ) .  

F i g ure G . 7 s hows the l and resource reg i ons present i n  the f i ve-state area . I n  genera l , cropl and 
is the predomi nant l and use in the reg l on .  Corn , soybean s ,  a vari ety of feed gra i n s , hay , and 
w i n ter  wheat are the most i mpo rtant crops grown . I n  sou thern I nd i ana  and Oh i o ,  tobacco i s  an 
i mportant cash  crop . Al ong the Great Lakes , truck fa rmi ng , fru i t  product ion , and da i ry fa rming 
are as soci ated w i th the ri ch so i l s  and moderate cl imate found there . Forests occu r as farm 
woodl o ts and a l ong s teep s l opes of  stream course s .  The most exten s i ve forest  tracts i n  the 
reg i on a re i n  the Ozark h i g h l ands of Mi s souri  and on the Western Al l eg heny P l ateau of eastern 
Oh i o .  Major urban devel opments are associ ated w i th the s hores  of the Great Lakes and the Oh io  
Ri ver Va l l ey .  

Pr ime farml ands i n  th i s  f i ve-state reg ion  total 3 1  mi l l i on hectares ( 7 7  mi l l i on acres ) ,  of 
which 80 percent (25 mi l l i on hecta res [6 1  mi l l i on acres ] )  was cropped du ring  1 975 ( Schmude 1 977 ) .  
Of the uncropped prime farml ands , an esti mated 1 mi l l i on hectare s  ( 3  mi l l i on acres ) cou l d be 
eas i l y  s h i fted to crop product i on ,  but  most of t h i s  potenti a l  is  present ly  used a s  pasture .  
Such a s h i ft wou l d  reduce l i vestock production i n  the reg i on .  About  583 , 000 hectares  ( 1  mi l l i on 
acres ) of  prime farml and i n  th i s  reg i on were converted to urban use or covered by water duri ng 
the peri od 1 96 7  to 1 975 . 

The l and use pattern of  the coal resource coun t i es i n  the five states  i s  genera l l y  s i mi l ar to 
that of  the reg i on a s  a who l e .  Federal and urban l ands are somewhat l es s  preval ent i n  the coa l 
count ies . Dur i ng  the peri od 1 930 to 1 97 1 , an est imated 98 percen t of reg i onal  m i n i ng was for 
b i tumi nous coa l  ( Paone et  a l . 1 974 ) .  Of the approxi mate 373 ,000 hecta res ( 92 1 ,000 acres ) of 
l and d i sturbed at the su rface , about 69 percent was the resu l t  of actual  excavati on and c l eari ng , 
and 24 percent was used for the d i sposal of m ine  wastes . The SCS ha s recentl y reported that 
there a re about 254 ,000 hectares ( 627 , 000 acres ) of l and need ing  rec l amat ion as a resu l t of coal 
m i n i ng  operat i ons . Approxi mate ly  68 percent of th i s  area  ( 1 72 , 000 hectares [425 , 000 acres ] )  
represents abandoned mine  l ands .  

G . 6 LAKE STATES FARM PRODUCTION REGION 

The Lake States Farm Product ion  Reg i on is  a three-state a rea of approximate l y  50 mi l l i on hectares  
( 1 23 mi l l i on acres ) .  The l ocati ons  of the major l and resou rce reg ions  w i th i n  these three states 
are shown in  F i gure G . 8 . In  genera l , the l and  use pattern is  c l o se l y  re l ated to the regi ona l  
c l i mat ic  pattern . I n  much of the northern port i on s  of the reg i on ,  agricul tura l acti v iti e s  are 
restri cted by the s hort growing  season , the rel at ive l y  cool c l imate , and the poor soi l s .  Much 
of t h i s  area i s  cove red  by forest ,  and production of timber products i s  important .  Recreat ion 
and m i n i n g  are add i t i ona l  l and uses of note , wi th  l im i ted agri cu l ture occurring  l oca l l y .  To the 
west  and south , the somewhat better so i l s  and more favorabl e c l imate make these areas better 
su i ted for agri cul ture . Spr ing  whea t ,  potatoes , and s ugar beets are important crops in northwest 
Mi nnesota , whereas corn , feed gra i n s , a l fa l fa ,  wheat , and hay are more important further south  
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and east .  Forests become more consp i cuous towards the eas t ,  eventual l y  forming  l arge woodl ots 
or more extens i ve woodl ands . The moderate c l i mate and good so i l s  associ ated wi th the Great 
Lakes permi t truck farming  and da i ry farmi ng to be major agri cul tural acti v i t ies  near the l akes . 
As s hown i n  F i gure G . 2 ,  crop l and and forestl and are the two most i mportant l and  uses i n  the 
reg i on .  

Coal resources i n  t h i s  farm production  reg i on are l i mi ted to mi nor depos i ts i n  eastern M ich i gan , 
w h i ch are not expected to be expl o i ted as an important resource . The refore , no further di scus
s i on of coa l mi n i ng wi l l  be i ncl uded in  thi s secti on .  

G . 7 NORTHERN PLAINS  FARM PRODUCTION REG ION 

Four s tates covering  an approximate 32 mi l l i on hectares ( 79 mi l l i on acre s )  make up the Northern 
P l a i ns Farm Product ion Reg i o n .  These states  r.epresent parts of the Great P l a i ns and Central 
Lowl ands phys i ograph i c  provi nces ( Hunt 1 974)  and i nc l ude porti ons of four l and resource regi ons 
( F i g .  G . 9 ) . Land use in  th i s farm producti on reg i on is  ma i n l y  agri cul tura l ( F i g .  G . 2 ) , w i th 
fore st l ands be i ng restri cted to the fl oodpl a i n s  of streams and ri vers or to areas  of h i g her  
e l evat ion such  a s  t he  Bl ack H i l l s . I n  the northern parts of the reg ion , the s horter growi ng 
season and the pattern of prec i pi tati on favor the production of spring wheat as a major cash  
cro p .  To  the  south  and wes t ,  the area i s  be st s u i ted for dry farmi ng , wi th wi nter wheat , feed 
grai ns , and forage being  maj or crops . A l ong the eas tern border of the reg i on ,  somewhat h i g her 
prec i p i tation  a l l ows a greater d i vers i ty of crops to be grown , i nc l ud i ng corn , soybeans , oats , 
and other feed gra i n s . Throughout the reg ion , much of the l and i s  used as range l and , parti cu
l arl y where s l opi ng terrai n  or poor soi l s  do not favor farmi ng . 

The reg i on has a tota l of 29 mi l l i on hectares ( 72 mi l l i on acres ) of prime farm l a n d ,  of wh ich  
approx imatel y  81 percent was  farmed i n  1 975  ( Schmude 1 977 ) .  Of the  noncropped prime l an d ,  
2 mi l l i on hectares ( 4  mi l l i on acre s )  cou l d  b e  eas i l y  s h i fted to cropl and from thei r present 
predomi nant use  a s  range l an d .  In the peri od 1 967  to 1 975 , about 2 1 0 ,000 hectares ( 5 20 ,000 acres ) 
of the reg i on ' s  prime farml and were converted to urban use or covered by water . Al though deta i l ed 
i nformati on on the d i stri bution  of pri me farml and w i t h i n  the reg i on i s  not avai l ab l e ,  i t  i s  known 
that approxi matel y  1 8  percent of the so i l s  of Land Capabi l i ty Cl asses I ,  I I ,  and  I I I  are found 
in the counti es havi ng coal reserves . 

Coal depos i ts i n  the Northern P l a i ns Farm Producti on  Reg i on are l ocated i n  the western and 
northwestern parts of North and South Dakota respecti vel y .  The depos i ts are ma i n l y  l i g n i te and 
can at l east  be  parti a l l y  s tri p mi ned. Land use patterns in the coal counties  are bas i ca l l y  
s i mi l ar t o  those for t he reg i on ,  a l though a somewhat h i g her proport ion o f  Federal l and i s  present 
i n  the coal coun t i es . Coal mi n i ng accounted for approximate l y  44 percent of a l l l and  used by 
the mi n i ng i ndustry in th i s reg i on duri ng the peri od 1 930 to 1 97 1  ( Paone et a l . 1 974 ) .  The SCS 
reports that l ands that have been d i s turbed by coa l mi n i ng and are presently in need of recl ama
t i on tota l 1 9 ,886 hectares ( 49 , 1 40 acre s )  ( U . S .  Department of Agri cul ture 1 977 ) .  Area str ip  
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ml n l ng i s  the mos t  common type of operation i n  th i s  reg i on .  Removal of prime agri cul tural l and 
and competi t ion for water resources are the two most s i gn i fi cant i mpacts on l and use created by 
coa l m i n i n g .  

G . 8  SOUTHERN PLAINS FARM PRODUCTI ON REG I ON 

The Southern P l a i n s  Farm Production Reg i on i nc l udes two s tates and covers about 35 mi l l i on 
hectares (86 mi l l i on acres ) .  The l and resou rce reg i ons  s hown i n  F i gure G . 1 0  i nd i cate the 
d i vers i ty of the reg i on ,  wh i ch i s  contro l l ed i n  l arge part by patterns of cl imate and so i l s .  
Land use pattern s  change marked l y  from east to west .  Fores tl ands preva i l  i n  the P i ney Woods 
area of  East Texas and i n  the Ouac h i ta Mounta i n s  of eas tern Ok l ahoma . The Gu l f  Coast Pra i ri e  i n  
eastern Texas supports i ntens i ve agricul ture o f  r ice ,  cotton , sorghum and other grai ns , hay , 
and pas ture . Cotton , c i trus , me l on s ,  and a vari ety of other crops are grown on i rri gated l ands 
a l ong the R i o  Grande.  Cotton , corn , and hay are produced on the B l ack l and pra i ries  of eas t 
centra l Texas and Ok l ah oma . Abandoned crop l ands that are revert ing  to rangel and are character
i s ti c of  the Post Oak savannah i n  parts of  the same centra l reg i on ( Radon Corporat ion 1 977 ) .  I n  
the wes t ,  rangel and i s  the predomi nant l and u s e ,  with  carryi ng ( 9raz i ng ) capac i ty be ing  least  i n  
the dry parts of s outhwestern Texas .  Scrub wood l ands at h i g her e l evati ons and s hort grass-shrub 
l ands e l sewhere characteri ze the Edwards P l a teau . 

Land use patterns  i n  the coa l resou rce counties devi ate from those of tre genera l i zed regi on i n  
that there i s  more forest and Federal l and and l es s  range land and cro p l and (Ta b l e  G . l ) .  The 
coa l counties account for about 1 2  percent of the reg i onal  l and area . During the peri od 1 930 to 
1 97 1 , approx imate l y  46 , 000 hectares ( 1 1 3 , 500 acres ) of l and were d i s turbed by a l l types of 
m i n i n9 acti v i ties  ( Paone et a l . 1 974 ) .  Of t h i s  tota l , about 1 3  percent ( 5 ,896 hectares 
[ 1 4 , 563  acres ] )  was used for coa l m i n i n g  operati ons .  The mos t  recen t estimate o f  the amount of  
l and d i sturbed a s  a res u l t of  coa l m i n i n g  s hows that  1 9 , 803 hectares ( 48 , 9 1 3 acres ) of l and 
need rec l ama t ion in the reg i on ( U . S .  Department of Agricu l ture 1 977 ) .  
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G . 9  MOUNTAI N  STATES FARM PRODUCTI ON REG ION 

The Mounta i n  States Farm Production Regi on covers an e i ght-state area of approximate ly  22 1  mi l l i on 
hectares (547  mi l l i on acres ) .  Austin  ( 1 965 ) recogn i zes e i g ht  l and resource reg i ons ( F i g .  G . l l ) ,  
wh i ch refl ect the d i vers i ty of the l andscape . To the eas t ,  the Great P l a i ns represent the 
domi nant phys i og raph i c  feature (Hunt 1 974) , wi th a character i s t i c  l ow re l i ef and a semi ar id  
c l i mate .  Farther wes t ,  the ma i n  ax i s o f  the Rocky Mounta i ns , wi th the i r  associ ated footh i l l s ,  
i s  found ri s i ng to e l evations  greater than 4000 m ( 1 3 , 000 ft ) i n  some pl aces . At the l ower 
e l evat ions , the c l imate i s  semiari d ,  but  as a l ti tude increases , temperatures dec l i ne and prec i p i 
tation increases . Wes t  of t he Rocky Mounta i ns ,  the Col orado P l a teau i s  the mos t  promi nen t 
feature , wi th e l evati ons rang i ng from 1 500 to 3000 m ( 5000 to 1 1 ,000 ft) . The c l i mate i s · 
genera l l y  semiari d ,  except at  the h i g her e l evations  where more abundant prec i p i tat ion and coo l er 
temperatures preva i l . Wes tern Uta h ,  Nevada , and southwestern Ari zona i ncl ude the Bas i n  and 
Range phys i ograph i c  prov ince , wh i c h  cons i s ts of b l ocky mounta i n s  separated by desert bas i ns . 
E l evations range from bel ow sea l evel to 3700 m ( 1 2 , 000 ft ) , cau s i n g  major vari ati ons in c l imate . 
A l ava p l a teau crossed by the Snake Ri ver i s  an importan t feature of the l andscape of southern 
Idaho .  

Land  u se on  the  Great Pl a i ns and i n  the sem i ar id  l ands of the res t  of the Mounta i n  States Farm 
Product ion Reg i on i s  dominated by rangel and ( Fi g .  G . 2 ) .  Dry l and farming for wheat and other 
gra i ns i s  an important agricul tura l acti v i ty on the Great P l a i n s  and i n  parts of the other 
semi ari d reg i ons . I rri gated l ands assoc i a ted wi th ri vers , wel l s ,  and reservo i rs are used for 
production of sugar beets , feed gra i ns , sorghum, bean s ,  and hay . Spri ng wheat is a major cash  
crop in  northern Montana . I n  southwes tern Ari zona , cotton and c i trus frui ts are grown a l ong the 
Col orado and Gi l a  ri vers . Major urban deve l opment a l ong  the Col orado fron t range i s  removing  
con s i derab le  farml and from producti on . The  forestl ands of the  mounta i ns a re used for t imber 
product ion , m i n ing , and recreat ion .  F i s h ing , hunting , s k i i ng ,  camp i ng , h i k i ng ,  and  genera l 
s i ghtseeing  resu l t i n  year-round recreational use of at least  parts of the reg ion .  Grazi n g  
occurs in the more open forests o f  l ower e l evat i ons , and s heep are moved t o  summer range on 
h i gh -a l ti tude a l pi ne meadows and mounta in  parks in vari ous port i ons of the reg i on .  
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Fi gure G . 2  s hows that the major  l and uses for the Mo unta i n  States  Farm P roduct ion Reg i on a re 
range l and and federa l l and . A b reakdown o f  fede ra l  l and  use s hows that 59 percen t ( 64 mi l l i on 
hectares [ 1 60 mi l l i on acres ] )  i s  u sed fo r g ra z i n g  and 32 percent ( 35 m i l l i on hecta re s  [85 mi l l i on 
acre s ] ) i s  used for forests and wi l d l i fe ( General  Servi ces Adm i n i s tration  1 977 ) .  I n d i an l ands 
accou n t  for 1 5 , 834 hectares ( 39 , 1 27 acres ) .  

Pr ime farml and accounts for abo u t  7 mi l l i on hectares ( 1 8  mi l l i on acres of the reg i on ,  representi ng 
about 3 percent of  the l and a rea ( Schmude 1 9 77 ) . Approxi ma te l y  87 percent  of  th i s  l and  i s  
c roppe d .  A l though n o  deta i l ed i nforma t i on i s  a va i l ab l e on the d i s tri but ion of th i s  farml and , 
mos t of i t  wou l d  occur i n  the eastern port i ons  of the reg i on .  E l sewhere i t  wou l d  occur o n l y  i n  
h i gh l y  l ocal i zed s i tuati ons . 

Deep mi n i n g  and surface mi n i ng for m i nera l s and coal have been i mportant  l and  uses  i n  the Mountai n  
States s i nce they were f i rs t  e xp l ored . A 1 974 s tudy shows that the total l and used for deep and 
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surface mi ne operat ion s  duri ng the peri od 1 930 to 1 97 1  was 1 69 , 483 hectares (4 1 8 ,800 acres ) 
( Paone et a l . 1 974) . A more recent study by the SCS s hows that i n  1 97 7 ,  rec l amation was needed 
for 37 , 065 hectares ( 9 1 , 589 acres ) of l and because of coal m i n i n g  i n  the reg ion  ( U . S .  Department 
of Agri cul ture 1 97 7 ) . 

The most  corrmon type of  coa l mi ne operati on i n  th i s reg i on i s  area s tri p m i n i ng ·  (Atwood 1 9 75 ) .  
The semi ari d to arid  c l imate where depos i ts are l ocated presen ts major probl ems i n  recl a im i ng 
the mi ned and waste areas ( Nat ional  Academy of Sci ence 1 974) . Some success  has  been achi eved i n  
revegetating part of  these l ands , but wind  eros i on ,  grazi ng , and l ack  o f  water pl ace severe 
l i mi tations on t he success  of such ventures ( Di rks 1 974 ;  Verma and Thomas 1 975 ) .  The potent ia l  
for s ucces sful recl amation  s houl d be careful l y  exami ned pri or to  expl oi tati on of these areas . 
Rangel ands are the major type of l and to be affected by deve l o pmen t of  these resources . 

G . 1 0  PAC I F I C  FARM PRODUCTI ON REGI ON 

The three-state area t hat forms the Paci f i c  Farm Product i on Reg i on covers approximately 83 mi l l i on 
hectares ( 204 mi l l i on acres ) .  Aus t i n  ( 1 9 75 )  recogn i zes fi ve l and resource reg ions  w i th i n  reg i onal  
boundari es ( Fi g .  G . 1 2 ) .  Located in  the eastern parts of Oregon and Wash i ngton are the northern 
Rocky Moun ta i n s ,  where t imber producti on and recreati on are the major l and uses . In centra l 
Wash i ngton and Oregon , dry farmi ng for whea t ,  peas , and l enti l s  i s  a major agri cul tural acti v i ty .  
The reg i on i mmedi ate ly  t o  t he east of  the moun tains  i s  very ari d ,  an d except where i rri gation i s  
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poss i b l e ,  agricu l ture i s  very l imi te d .  T h e  Cascade Mounta ins  in  the northern part of  the reg i on 
and the S i e rra-Nevada range i n  Cal i forni a a re covered mai n l y  by forest s .  Land use in  these 
mounta i n s  i s  re l ated prima ri l y  to forest i ndustries and recreat ion . About 83 percent  of the 
federa l l ands of the Pac i fi c  Farm Production Reg i on a re used for forest and wi l d l i fe ( Genera l  
Servi ces Admin i stra ti on 1 977 ) , wi th nationa l  parks and national  forests i n  the mounta ins  account
i ng for much of  th i s  l an d .  In eastern Cal i forn i a ,  the a rea i s  an extens ion of  the Bas i n  and 
Range phys i ograph i c  provi nce des cribed for the Mounta i n  States Farm Producti on Regi on .  I n  
wes tern Cal i forn i a , the l ow mounta i ns , broad val l ey s ,  and warm, dry cl imate favor a wi de vari ety 
of crops i nc l udi ng c i trus ,  cotton , s ugar beets , vari ous  gra i ns , ri ce , hay , and many others . 
Large popul at ion s  and expanding  urban centers di spl ace con s i derabl e  agri cul tural l and use .  

Coal  resources in  this  three-s ta te reg ion a re restri cted to fi ve counties in wes tern Wash i ngton . 
Land u se patterns i n  these count ies devi ate from the reg iona l  patterns i n  that forest and urban 
l ands  a re more promi nent i n  the coal count ies  and pasture/ range and cropl ands are l es s  so . The 
counti es having  coal reserves represent 4 percent of the reg i onal l and a rea . Accord ing  to SCS 
estimates , the l and area needing  rec l amat i on because of coal m in ing acti vities  i s  approxi mate ly  
500  hectares ( 1 2 34 acres ) ( U . S .  Department of Agricul ture 1 9 77 ) .  The coa l resources o f  th i s  
regi on a re l imi ted ,  and i t  i s  not expected that they wi l l  be expl o i ted with i n  the t i me  frame of 
th i s  s tudy. 
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APPEN D I X  H .  TERRESTRIAL B IOTIC  RESOURCES 

H . l  I NTRODUCT ION 

The terrestr i a l  b i ot ic  commun i t ies  of  the Un i ted States form a broad array , from dry ,  open 
scrubl and to humid , dense subtropi ca l  forests . F i gure H . l  i l l ustrates the d i stri but ion of s ome 
of the major  commun i ty types . These commun i ty types a re based upon the potent ia l  cl imax commu
n i ty ( the mos t  mature deve l opmental stage ) that wou l d  be expected for a part i cu l a r  reg ional  
cl imate ( Shel ford 1 963 ;  Garri son et al . 1 977 ) .  Edaph i c  ( so i l )  o r  topograph ic  cond i tions  may al l ow 
d i sc l imaxes ( l ocal var i a t i on s )  i n  commun i ty types . I n  addi t ion , many areas are d i sturbed by 
natural events ( e . g . , f ire ,  tornado , or fl ood ) or human act i v i ti es ( e . g . , farm i ng , graz i n g ,  or 
l og g i ng ) ,  and communit ies  in these area s pers i s t  in vari ous precl imax stages of  succes s i o n .  
However ,  t h e  c l a ss i ficat ion  of  a region  b y  the b i ota of i ts potentia l  cl i max does prov ide a 
conven ient method of  cl ass i fi cation  that wi l l  be fol l owed here . I n  tbe succeedi ng d i scuss i on ,  
descri pt i on s  of commun i ty structure and function  wi l l  refer to ecosystems of potentia l  cl imati c 
cl imaxes . 

The eastern th i rd of  the country i s  domi nated by commun i ties of the temperate deci duous forest 
b i ome , or ecol o g i ca l  u n i t  ( Braun 1 950 ; Shel ford 1 96 3 ;  Kendei gh 1 974 ) . Thi s  b i ome i nc l udes the 
oa k-hickory ,  oak-p i ne ,  oak-gum-cypress , el m-ash-cottonwood , mapl e-beech-bi rch , and aspen-b irch 
commu n i ty types descri bed by Garri son et al . ( 1 977 ) .  These commu n i t i es have poorly to r ich ly  
devel oped understories of s hrubs , v i nes , grasses , and  forbs ( herbaceous pl ants other than grasses ) .  
The soi l s  of  these forests are mai nl y  i ncepti sol s (mo i st soi l s  conta i n i ng wea kly devel oped 
hori zons with  l i ttl e accumul ation of metal oxides ) and ul t iso l s (mo i s t  so i l s  w ith  a hori zon of 
cl ay accumul ati on and w i th a l ow base suppl y )  ( Brady 1 974 ) .  The dec iduous forests of the Great 
La kes a re underl a i n  by a l fi sol s ( soi l s  w i th gray to brown surface hor i zons , medi um to h i gh base 
suppl y ,  and subsurface accumul ation  of  cl ays ) .  Avera ge annual prec i p i ta t i on ranges from about 
75 to 1 25 cm ( 30 to 50 i n . ) ,  and the number of frost-free days ranges from 1 00 to 300 per year .  
Poten t i al annual vegetat i ve producti on i n  th i s  b i ome ranges from 1 0  to  1 5  megagrams per hectare 
(Mg/ha ) ( Rodi n  et a l . 1 975 ) .  Pl ant and an imal d i vers i ty i s  vari abl e among  stands i n  these 
forests . The mUl t i p l e  vegetat i on l ayers provide a vari ety of mi crohabi tats for the fauna of 
these commun i t i e s .  Wh i te-ta i l ed deer ma ke u s e  of  these hab itats , espec i a l l y  at the forest 
edge where appropri ate cover and browse are ava i l a bl e .  Several sma l l mammal s forage in the tree 
s tratum , whi l e  others forage on the ground . B i rds forage i n  strata rang i ng from the ground 
surface to the canopy, or  tree fol iage , each spec ies  tend i ng to forage in i ts own manner.  The 
forest pro v i des m i crohab itats for a d i vers i ty of arthropods ( such as i nsects ) i n  al l strata of 
the vegetati o n .  

Temperate , evergreen forests domi nate t h e  coasta l pl a i ns of t h e  southeastern U n i ted States 
( Braun 1 950 ; Shel ford 1 963 ; Kendeigh  1 974 ;  Garri son et a l . 1 977 ) .  Long l eaf- s l a s h  p i ne and 
l ob l o l l y-shortl eaf p i ne are major  commun ity types w ith i n  th i s  area . The dom i nant soi l s  are 
a l fisol s ( Brady 1 974 ) . Average prec i p i tation is about 1 00 to 1 50 cm ( 39 to 59 i n . ) per year ; 
the annual frost-free period ranges from 200 to 300 days i n  l en gth . Potent ia l  product i v i ty i n  
these commun i t ies reaches 1 5  t o  3 0  Mg/ ha/yr ( Rod i n  e t  a l . 1 975 ) .  Several game mammal s and b i rds 
occupy these commun i ties ; these i ncl ude wh i te-ta i l ed deer , eastern cottonta i l , bobwh ite ,  and 
wi l d  turkey . The tree and shrub  strata are used extens i ve ly  by b i rds . Many s pecies  of water
fowl , aquatic  rept i l es , a nd amph i bi ans  are found i n  or near stand i ng water .  

Oak-gum-cypress  commun ity type and  broadl eaf , evergreen forests domi nate the  bottoml ands of the 
Mi s s i s s i pp i  R i ver  and other waterways of the eas tern coast ( Braun 1 950 ; Shel ford 1 963 ; Kende igh  
1 97 4 ;  Garri son et a l . 1 977 ) .  T he  so i l s  of these commun i ties  are d i verse ,  ran g i n g  from young 
enti sol s to wel l -devel oped u l t i sol s ( Brady 1 974 ) .  Organ ic  soi l s  o r  h i stosol s have devel oped 
where the ground i s  waterl ogged . These commun i t ies  are often very d i vers e ,  especi a l l y  al ong the 
Gul f coast .  Product iv ity i s  known to exceed 50 Mg/ha/yr in the more subtropical  communit ies of 
the Gu l f  coast  ( Rodi n et a l . 1 975 ) .  Epi phytes ( pl ants that deri ve mo i sture from a i r  and rai n  
and usua l l y  grow o n  other pl ants ) are very common i n  these commun i t i e s ,  and the understory i s  
usual l y  dense . The frost-free season extends for more than 200 days per yea r ,  and average 
prec i p i tat ion  ranges from about 90 to 1 50 cm ( 35 to 59 i n . ) annua l l y .  The subtrop ical  fauna 
i ncl udes such d i verse species  a s  the opos sum , chamel eon , and al l i gator. A number of waterfowl 
are present i n  fl ooded a rea s .  Arthropods are very abundan t ,  but l i ttl e i nformat i on i s  ava i l abl e 
on the i r  d i s tri but ion .  

H- l  
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F i g .  H . l .  The B i omes of  North Ameri c a ,  w ith  Extens i ve Ecotones 
and Certa i n  Subreg i ons ( Zones ) I nd i cated . From Odum 
( 1 97 1 ) ,  w i th permi s s i on ( see cred i ts ) .  

The central Un i ted States i s  domi nated by commun i ties  of  prar ie  and p l a i ns grass l ands ( Carpenter 
1 940 ; Shel ford 1 963 ;  Weaver 1 968 ; Kendei gh 1 974 ;  Redmann 1 97 5 ;  Garri son et a l . 1 977 ) ,  extend i n g  
t o  the eastern footh i l l s  of  t h e  Roc ky Mounta i ns . The so i l s  of  the grass l ands are mol l i sol s ,  
w i th deep ,  dark surface hori zons form i n g  a crumbl y o r  granu l ar structure ( Brady 1 9 74 ) . Peren
n ia l  grasses are the domi nant vegetat ion of  these commun i ti e s ,  mak i ng up a s i ngl e vegetat ion 
l ayer . Forbs are subdomi nant i n  grass l ands , and woody spec i es are rare . Many of  the grasses 
characteri s t i c  of  the true pra i ri es are sod formers , and rat ios  of  roots to the above-ground 
parts of the pl ant are h i gh when compared to other types of  commun i ti e s .  Average prec i p i tation  
in  these  gras s l ands ranges from 25  to  1 00 cm  ( 1 0  to  39 i n . ) per  yea r ,  and  the  frost-free period 
ranges from 1 00 to 300 days per year .  Potential  annual producti on in these grass l ands is 8 to 
1 5  Mg/ha  ( Rod i n  et al . 1 975 ) .  P l ant and an ima l  di vers i ty i s  moderate to l ow ,  compared to the 
eastern forests . An i mal s of grass l ands are characteri zed by one or more of  the fo l l ow ing  
attri butes : graz i n g  behavi or ,  swi ft runn i n g ,  ground nest i ng , or burrowing  acti v i ty .  Most of  
the l arge graz i n g  mammal s  have been exti rpated and  repl aced by  l i vestoc k .  I nsects are abundant 
in gras s l and , and forage primari l y  in the herb l ayer of the commun i ty .  
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The ari d  southern and southwes tern marg i ns of the grassl ands are i nvaded by shrubs , form ing  
s h rubs teppe , savanna ,  and desert grass l ands commun it ie s  ( Buffi ngton  and  Herbel 1 965 ; Shel ford 
1 963 ;  Garri son et al . 1 97 7 ) .  So i l s  here are var i ed but domi nated by mol l i so l s and a l fi sol s 
( Brady 1 974 ) . These commun it ie s  have poorl y to r ich ly  deve l o ped l ayers of shrubs or l ow trees , 
w i th an understory dominated by perenn ia l  s hortgrasses . Average rai nfal l ranges from 20 to 
7 5  cm (8 to 30 i n . )  per year;  the fro st- free peri od ranges from 1 00 to wel l over 300 days . 
Potent i a l  producti v i ty i n  t h i s  reg ion  ranges from 6 to 8 f�g/ ha/yr ( Rod i n  et al . 1 975 ) .  The 
fauna of these commu n i t i e s  represents a tran s i t i o n  from the gras s l ands to the desert scrub 
commun i t ies . Co l l ared peccary and armad i l l o  extend i nto these areas from the subtrop ica l  com
mun i ti e s  to the south.  The add i t i onal  cover of  the woody vegetation  resu l ts in a h i g her var iety 
of fauna i n  these commun i t ies  than i n  the grass l ands . 

Desert scrub commun i ti es occur throughout most of the l owl ands of  the southwest and i ntermounta i n  
reg i on ( Shel ford 1 963 ;  Cronq u i s t  e t  a l . 1 972 ; Arms trong 1 972 ; Kende i g h  1 97 4 ;  Brown and Lowe 
1 974 ;  Garri son et a l . 1 977 ) .  These commun i t ies  are underl a i n  by ari d i so l s ,  wi th l i ttl e organ i c  
mater ia l , l i ght  col or,  a n d  accumul ations  of sal ts ( Brady 1 974 ) .  The domi nant commun i ty types i n  
th i s  b i ome are creosote scrub , sagebrush  scrub , and s hadscal e scrub . Peren n i a l  shrubs are the 
domi nant l i fe fo rms in these commun i t i es , where the vegetation  i s  open and often covers l es s  
than 1 0  percent of the ground surface .  Mos t  of  the s hrubs are drought-dec i duous ( i . e . , they 
l ose the i r  l eaves duri ng  the dry season ) ;  the res t  have smal l l eaves adapted for water reten t i on .  
Annual forbs and grasses compri se the understory .  D i vers i ty o f  these commun it ie s  i s  rel ati ve l y  
l ow ,  the on l y strata bei n g  t h e  s hrub a n d  ground-surface l evel s .  Average annual prec i p i tation  i s  
o n l y  1 0  t o  2 5  c m  ( 4  to 1 0  i n . ) ;  the frost-free period  ranges from 1 00 days i n  the north to 200 
days i n  the south . Product i v i ty ranges from zero to 2 . 5  Mg/ ha/yr ( Ro d i n  et a l . 1 975 ) . The 
fauna i s  dom inated by gran i vorous  ( feed i n g  on gra i n s ) or carn i vorous  spec ies  because herbaceous 
vegetation is  abundant only bri efl y and sporad i cal l y .  Most of  the smal l mammal s bu rrow and many 
h i bernate , thereby reduc i n g  the effects of c l imatic  extreme s .  Many mammal s are adapted for 
water conservat ion , whereas others are dependen t upon succu l ent vegetati o n  and may be confined 
to r iparian hab i tats . The rept i l i an fauna i s  very abundant and d i verse i n  desert conrnun i t i es .  
In sects are primari l y  s hrub- or  ground-dwel l i ng  forms . 

P i nyon p i ne-jun i per  commun i t i e s ,  or pygmy forests , occu py much of the l ower s l opes and pl ateaus 
of the western Un i ted States ( Shel ford 1 963 ; Cronqui st  et al . 1 972 ; Arms trong 1 97 2 ;  Brown and 
Lowe 1 974 ;  Kende i g h  1 97 4 ;  Garri son et al . 1 97 7 ) .  So i l -types are varied , but ar id i sol s are most 
preval ent ( Brady 1 974 ) . The trees form an open to dense woodl and . A moderatel y wel l -devel oped 
understory of s hrubs may be found in the more open stands of th i s  commun i ty type.  Grasses and 
forbs form the l owest  vegetational stratum . Producti v i ty is  i ntermedi ate in  the area between 
the con i ferous  forests of h i g her el evations  and the desert scrub of l ower el evati ons  (Wh i ttaker 
and N i er i ng  1 975 ) .  The fauna i s  composed of el ements i nfl uent from adjacent hab i tats . Fauna of 
the mo i ster and coo l er habi tats is  s imi l ar to that of  the mounta i n  coni ferous fores ts , wherea s 
the fauna o f  the drier  and warmer habi tats i s  more l i ke that of  the desert . The abundance of 
arthropods is  rel at ive l y  l ow w ith i n p i nyon p i ne-j un i per commun i t i e s .  

T h e  northern coni ferous b i ome extends  across  southern Canada , extendi ng down i nto the northern 
U n i ted States and fo l l ow ing  h i g h  mounta i n  ranges southward ( Shel ford 1 963 ; Arms trong 1 972 ; 
Cronq u i s t  et a l . 1 972 ;  Kende i g h  1 974 ; Garri son et a l . 1 977 ) .  The northeastern con i ferous 
forests are domi nated by spodoso l s  ( so i l s  w ith accumul at ions  of organ i c  materi a l s  and al umi num 
and some i ron oxi des , and wh ich tend to be ac i d i c )  ( Brady 1 974 ) .  Soi l s  under ly i ng the con i ferous 
mounta i n  fo rests of the west are predomi nantly a l f i sol s and i ncepti sol s .  A number of commun i ty 
types are i n c l uded w it h i n  t h i s  b iome , e . g . , the ar id  pondero sa p i ne as soc i ati cns and the moi ster 
Dougl as  fi r and spruce-fi r associat i ons . Understories  of smal l trees and s hrubs can be wel l 
devel oped where l i gh t  fi l ters through the t i g ht  canopy of  these forests . The frost-free season 
l asts 240 days in the southwest ,  and on ly  80 days in the northwest . Average prec i p i ta t i on 
throughout t h i s  b i ome varies from about 40 cm ( 1 6  i n . )  in the southwest  to 200 cm ( 79  i n . )  i n  the 
northwest .  Product i v i ty of these commun i t i e s  varies  wi th ra i nfa l l and  growing  season . The 
vari ety and compl ex structure of coni ferous  forests prov ides habi tats for a var i ed fauna .  Many 
mammal s and b i rd s  expl o i t  d i fferent strata of the vegetation , from the ground surface to the 
canopy .  Large mammal s make use o f  forest edge commun i ti es for fora ge .  Most o f  the b i rds  o f  the 
northern forests are m i gratory ,  whereas most of the b i rds  of the mounta i nous forests are noL 
I n sects are abundan t ,  but ground-dwel l i ng  arthropods are uncommon . Thet<e are few repti l e s ,  but 
some amph i b i ans  are widespread . 

H . l . l  Demand Region ] 

H . l . l . l  Vegetation  

The vegetati on of t h i s reg ion  is  dom i nated by commun i ti es from the eastern dec i duous and northern 
coni ferous  forest  b i omes ( Braun 1 950 ; Shel fora 1 963 ; Bormann et al . 1 970 ; Kende i gh 1 974 ;  Garri son 
et al . 1 97 7 ) .  Common tree associ ates w ith i n  the dec i duous forests can i nc l ude wh ite and b l ack  
oak , sugar mapl e ,  American beech , s hag bark and  b i tternut h i c kory ,  bal sam fi r ,  eastern heml oc k ,  
red spruce , yel l ow b i rc h ,  tu l i p tree ,  basswood , and eastern wh i te p i ne .  Common assoc iates 
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wi th i n  the con i ferous  forests i nc l  ude red spruce , bal sam fi r ,  eastern hem l o c k ,  sugar map l e ,  
paper b i rch , tamara c k ,  w h i te cedar ,  and eastern wh i te p i ne .  These communi ties  have been d i s 
turbed by h uman act i v i t i e s  for over 300 years . Many areas have been c l eared for cropl and or 
t imber ( see Section  4 . 4  and Appen d i x  G ) .  L i tt le  v irg i n  forest exi sts , and most communit ies  are 
i n  var i ous stages of secondary success ion . The vegetation  of the urban i zed southern sections  of  
the reg i on i s  predom inantly d i sturbed stands of  t he  oak- h i c kory forest commun i ty-type . 

H . 1 . 1 . 2  An imal s 

The natural fauna has been reduced to some extent by the acti v i t i es of human s  i n  the reg i o n .  
W h i te-ta i l ed deer make exten s i ve u s e  of many of  the forest commun i t i es , especi al l y  i n  ecotonal 
areas ( Shel ford 1 96 3 ;  Kende i g h  1 974 ) .  Moo se and bl ac k  bear are common in some areas . The 
woodl and cari bou formerl y ranged i nto the coni ferous forests of th i s  reg i on ( B l a i r  et al . 1 968 ) .  
,i\mong  the smal l marr811al s are snowshoe hare , eastern gray squ i rrel , fl y i ng squ i rrel , and wh i te
footed mouse . Wi l d  turkey , ru ffed grou se , bobwh i te ,  and mourn i ng dove can be found i n  many of 
t he commun i t i e s .  Breed i ng b i rds  of  the dec i duous forests i ncl ude tufted t i tmouse ,  wood thru s h ,  
oven b i rd ,  red-eyed v i reo , scarl et tanager ,  b l ue jay ,  a n d  wood pewee . B i rds of the con i ferous 
forests i nc l ude spruce grouse,  o l i ve-backed thru s h ,  wh i te-th�oated sparrow , and several warb l e rs 
( Shel ford 1 963 ;  Kende i gh  1 974 ) .  Major predators inc l ude coyote , bobcat , wol veri ne , gray fox , 
weasel , great horned owl , red-ta i l ed hawk , and sparrow hawk ( Shel ford 1 963 ; Kende i g h  1 974 ) .  

H . l . 2 Demand Region  I I  

H . l . 2 . l  Vegetat ion 

The vegetat i on of  t h i s  reg i o n  i s  domi nated by commun i t i e s  from the eastern dec i duous forest  
b i ome ( Braun 1 950 ;  Shel ford 1 963 ; Mc I ntosh 1 97 2 ;  Wal es 1 972 ; Kendei gh 1 974 ; Garri son et al . 
1 977 ) .  Mapl e-beech assoc iat ions  cover most  of  the area , wh i l e  oak- h i c kory commun i ti es occupy 
sma l l er port i ons of  the reg i on to the south . Common assoc iates of these communi ties  i nc l ude 
eastern heml ock ,  Ameri can el m ,  wh i te ash , wi l l ow ,  and b i rch . Producti v i ty and understory devel op
ment are s imi l ar to other communi t i es of  the eastern dec i duous forest . A p i ne d i sc l i max  enters 
i nto the southeastern porti ons of th i s  regi on ,  near the coast .  

The southern port ion  of  th i s  reg i on i s  heav i l y  urban i zed ( see Secti on 4 . 4  and Appendi x  G ) .  As 
i s  true of most of the eas tern state s ,  the communit ies  of th i s  regi on have been severe ly  d i sturbed 
by huma� acti v i t ies , i ncl ud i ng farmi ng  and l umberi ng .  The expected cl imax o f  t h i s  a rea i s  oak
h i ckor'Y forest .  

H . l . 2 . 2  An ima l s  

The fauna of t il i s  regi on i s  s i mi l ar to the fauna o f  the New Eng l and dec i duous forests ( Kende i g h  
1 946 ; Shel ford 1 963 ; Kendeigh  1 974 ) .  Whi te-ta i l ed deer occ ur throughout much of t h p  reg i o n .  
Skun k ,  red and gray fox ,  coyote , raccoon , cottonta i l , fox squ i rre l , and smal l er rodents occu r 
here . Ruffed grouse and bobwh i te are common gameb ird s .  Res i dent song b i rds i ncl ude red-eyed 
v i reo , ovenb i rd , b l ue j ay ,  herml !. thrush , scar l e t tanage r ,  b l a c k-capped c h i c kadee , and wood pewee .  

H . l . 3 .  Vegetation  

The  fl oT'a o f  th i s  reg i o n  bel ongs to  the  eastern dec i duous forest b i ome .  The oak-h ickory commu
n i t i e s  dre the most wi despread members of th i s  t: i ome in the reg i on ( Braun  1 950 ; Shel ford 1 96 3 ;  
Keever 1 97 3 ;  Kendei gh  1 974 ; Garri son e t  a l . 1 977 ) .  P i ne-oa k ,  map l e -beech ,  and l obl o l l y-shortl eaf 
p i ne a l so O CC U T'  in th i s  reg i on . Common as soc i ates w ith i n  these commun it i e s  i nc l ude sweetgum , 
yel l ow pop l a r ,  wh i te a s h ,  eastern heml O C k ,  basswood , and wh i te p i n e .  

H . l . 3 . 2  An ima l s 

The fauna here a re a trans i t i on from the e l ements of the deci duou� forests to the north and p i ne 
d i sc l imaxes to the south . 

H . l . 4 . 1  Vegetat i on 

Th i s  reg i o n ,  too , i s  dom inated by the eastern deci duous forest b i ome . The no rthwestern hal f of 
the r�g i on tends towaT'd oak- h i c kory ,  oak- p i ne ,  or mesophytic  forest  commun it ies  ( Braun  1 950 ;  
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Nel son 1 957 ; Shel ford 1 963 ; Mowbray and Oosting  1 968; Garri son et al . 1 977 ) .  These forests are 
fai rl y  d i verse , bei n g  composed of several codomi nant spec i es . As soci ates i nc l ude buckeye , 
basswood , yel l ow popl ar ,  beec h ,  b i rc h ,  dogwood , heml o c k ,  red spruce , red mapl e ,  and sweet gum. 
The southeastern ha l f  of th i s  reg i on is domi nated by p i ne d i scl imaxes of the deci duous forest 
b i ome . Common as soc i ates i ncl ude l obl ol l y  p ine ,  short- l eafed p i ne ,  l ongl eaf p i n e ,  s l as h  p i ne ,  
oa k ,  h ickory ,  sweet gum , sour gum,  red map l e ,  as h ,  and swamp cypre s s .  

Coastal areas a n d  watercourses have wetl and a n d  broadl eaf-evergreen communi t ies ( Braun 1 950 ;  
Shel ford 1 954;  Nel son 1 957 ; Shel ford 1 963 ; Mon k  1 965 ; Del court and  Del court 1 977 ) .  These 
communi ties  i ncl ude l i ve oa k ,  bl ack  and red mangroves , sweet gum , ba l d  cypress , pond cypress , 
magnol i a ,  water e lm ,  and red mapl e .  Mosses , l i chen s ,  ep iphytes , and cl imbing  v i nes , are 
cowmon vegetation i n  these s ubtrop ical  commun i ti es . 

The wetl ands communit ies of southern F l orida are notabl e for thei r d i vers i ty and product i v i ty 
( Love less  1 959 ; Shel ford 1 96 3 ;  Garri son et a l . 1 977 ) .  They are domi nated by speci es character
i st ic  of subtrop ical and trop ical commun it ies .  Some o f  the major  trop ical  and subtrop ical 
vegetation  of the forests are gumbo l imbo , West  I nd i es mahogany , thatch pal m ,  cabbage pal metto , 
and red mangrove . Sal twater cord grass , p i c kl eweed , sal t gras s ,  sedge , rus hes , and catta i l s are 
dom i nant  spec ies  a l ong a gradi ent from the sal twater to freshwater marshes . The Evergl ades 
contai n  associ ations  of sp i ke rus h ,  tal l sawgras s ,  shrub-covered i s l ands , pa l metto i s l ands , marl 
and rock  pra i ries , and cypress ponds and woodl and s .  Man has encroached on these areas for the 
past hundred years or more . 

The natural vegetation  of th i s  reg ion  has suffered marked d i s turbance s i nce the arri val of 
Europeans in  the 1 7th century .  A l arge proportion  of the area is  undergoi ng secondary succes
s i on from abandoned cropl and and l umberi n g  ( see Secti on 4 . 4  and Appendi x  G ) . 

H . l . 4 . 2  An imal s 

The di strib ution  centers of several k inds o f  anima l are i n  the forests of the southeas t  ( Shel ford 
1 963 ; Kendei g h  1 974 ;  Garri son et al . 1 97 7 ) . Common smal l mammal s i ncl ude swamp rabbi t ,  raccoon , 
opos sum, eastern spotted s ku n k ,  gray squi rrel , r ice rat , and several mice . Wh i te-ta i l ed deer 
and b l a c k  bear uti l i ze some of the forest commun i t ies . Res i dent b i rds i ncl ude Carol ina  wren , 
moc ki n gb i rd ,  scrub jay ,  Carol i na chi ckadee , and wh i te-eyed v i reo (John ston and Odum 1 95 6 ;  
Kendei gh 1 974 ) . Dominant predators i ncl ude gray fox and many snakes . 

The marshes of southern Fl ori da provide a habitat for a number of b i rds , many with  tropica l  
ori g i ns ( Shel ford 1 963 ;  Kendei gh 1 974 ) .  Whi te-crowned p i geon , zenaida dove , smooth-bi l l ed ani , 
and b l ack-wh i s kered v i reo are representat i ve of trop ical i nfl uents i n  these commun i ties . Many 
waterfowl of trop ical  o r i g i n  occur here . B lack  bear, mounta i n  l i on , deer,  spotted s kunk , and 
raccoon are conspi cuous mammal ian  i n hab itants . The rept i l i an and amp h i b i an fauna of the marshes 
i s  di verse . The most conspi cuous rept i l e  i s  the al l i gator. Invertebrates are numerous i n  most 
of  the ma rs h communi t ies ,  and expl o i t  most of the avai l ab l e  vegetati onal strata . 

H . l . 5  Demand Regi on V 

H . l . 5 . 1  Vegetati on 

The cl imax commun it ies of t h i s  regi on bel ong to the eastern dec i duous forest and northern 
con i ferous forest b i omes .  Communi ties represented i ncl ude members o f  the oak- h i c kory ,  mapl e
beech , e lm-ash-cottonwood , and aspen-b i rch forests ( Braun 1 950 ;  Shel ford 1 963 ; Goff and Zedl er 
1 968; Re i ners 1 972 ;  Gri gal and Ohmann 1 97 5 ;  Garri son et a l . 1 977 ) .  Common associ ates of the 
forests of the southern La ke States can i ncl ude basswood , wi l l ow,  ash , ri ver b i rch � wal nut ,  and 
wi l d  cherry. I n  the northern La ke States ,  as soci ates can i ncl ude p i ne ,  heml ock ,  yel l ow b i rch , 
fi r ,  wh i te-cedar ,  and spruce. Rel i ct  stands of pra ir ie  grassl and i n trude i nto the southwestern 
port i ons of th i s  reg i on ( Carpenter 1 940 ;  Shel ford 1 963 ) .  

The area has been extremel y  di sturbed and few v i rg i n  a s sociat ions  s ti l l  ex i s t .  However , remnant 
stands of prair ie  are found i n  northern I l l i n oi s .  

H . l . 5 . 2  Animal s 

The fauna of th i s  reg ion  represents a trans i ti on from the eastern , deci duous fores t  to the 
western , pra i rie  grass l and s .  
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H . l . 6 . l  Vegetat ion  
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Th i s  reg i on has a very d i verse b i ota , exten d i n g  from the fl oodpl a i n  vegeta t i on o f  t he M i s s i s s i pp i  
Ri ver t o  t h e  desert scrub vegeta t i on of  southern New Mex i c o  ( Braun 1 950 ; Shel ford 1 963 ; Kende i g h  
1 974 ;  Garr i s on e t  a l . 1 97 7 ) . The ea stern portion  of  th i s  reg i on i s  domi nated by commu n i t i es o f  
t h e  eastern dec i duou s forest a n d  broad l eaf  evergreen forests . T h e  cen tra l  secti ons tend toward 
g rass l and commun i t ies  i n  the southern sec t i ons  of the gra s s l ands ; s hrubs and sma l l  trees become 
more preval ent and form a savanna - l i ke commun i ty ( Shel ford 1 963 ; Sme i n s  et a l . 1 97 6 ) . Mesqu i t e ,  
acac i a ,  j u n i pe r ,  yucca , cactus , and o a k  form the upper strata of  these a ssoc i a t i on s .  The peren
n i a l grasses  o f  the grass l ands form the  l ower strata . The western commun i t i e s  are more domi nated 
by the shrub and tree l i fe form s .  Desert scru b ,  desert grass l and , and southwestern s hrubsteppe 
a re the predomi nant commun i t ies  o f  the l owl ands  o f  the wes tern parts o f  t h i s  reg ion . The moun
ta i nous  a reas o f  New Mex i co are covered primari l y  by  ponderosa p i ne and p i nyo n p i ne-jun iper  
assoc i at i on s . The  major ity of  th is  area i s  u sed a s  rangel and , crop l an d ,  and t i mberl and (see  
Sect i on 4 . 4  and Append i x  G ) .  

In  most o f  the desert grassl ands  commu n i t i es , gra z i n g  pressure has  reduced the domi nance o f  
perenn i a l  g ra s se s  s u c h  a s  ga l l eta , b l a c k  grama , b l ue grama , Jnd tobosa ( Bu ffi ngton and Herbe l 
1 965 ) . Me s qu i te ,  c reosotebush , cactu s ,  and other shrubs make up the shrub  stra tum . The a ri d i ty 
of these areas reduces the success  o f  rec l amat i on after m i n i n g .  

The coastal  wet l ands commu n i t i es o f  th i s  reg i o n  are very d i verse ( Sh e l foy'd 1 963 ; Garri son et a l . 
1 977 ) . They have been d i sturbed by human act i v i t i e s  and can be sen s i t i ve to d i srupt i o n . The 
mars hes of  the coa stal  wetl ands a re dom i na ted by gra s ses , ru s hes , and sedges , i nc l ud i ng sa l t
water  cord grass , s p i ke grass ,  bl ack  rus h ,  s awgra s s  and ma i den-cane . L i ve oaks , red bay , and 
other woody spec i e s  i n vade as sed i mentary depos i t s  from dry i s l ands in the  marshe s .  

H . l . 6 . 2  An ima 1 s 

The fauna o f  the dec i duous  forests and p i ne fore sts of the eas tern sec t i ons i s  an exten s ion  of  
Regi on IV .  The  sout hern gra s s l ands fauna  i s  c ha racterized by  a number o f  spec i es adapted to an 
arid env i ronment ( Shel ford 1 963 ; Garri son et a l . 1 977 ) .  Con s p i cuous  mamma l s  i nc l ude the j a c k rabb i t ,  
pronghorn antel ope , banner-ta i l ed kangaroo rat ,  and wh i te-throated wood ra t .  B i rds  o f  these 
corrmu n i t ies  i nc l ude horned l ar k ,  b l ac k -throated sparrow, scal ed qua i l ,  gra s s ho pper s parrow ,  
l oggerhead shr i ke , a n d  n i ghthawk ( W iens  1 973 ) .  Character i s t i c  predators i nc l ude t he coyote , 
bobcat , badger ,  red-ta i l ed haw k ,  pra i r i e  fa l con , and var ious  snake s .  Grass hoppers , ants , and 
true bugs  are preva l ent i nsects . 

The fauna o f  the con i ferous fores ts and desert scrub assoc i a t i o n s  of New Mex i c o  i s  s i m i l a r to 
that o f  the Roc ky Mou nta i n  forests to the north and the deserts to the wes t ,  respec t i ve l y .  

The fauna  o f  the coastal  wet l ands i s  very d i verse ( Sh e l ford 1 963 ) .  Wh i te-ta i l ed deer ,  peccary , 
raccoon s ,  and sma l l rodents occupy t he d r i e r  s i tes .  Otters and mus krats are present i n  some 
marsh commun i t i e s .  A l a rge number o f  b i rd s ,  mostl y waterfowl , u t i l i ze t hese commu n i t i es .  
Insects are abundant and h i gh l y  d i vers i f i ed .  

H . l . 7 Demand Region V I I  

H . l . 7 . 1  Vegeta t i on 

The l and a rea o f  M i s souri  i s  covered predomi nantl y by commu n i t i es o f  the eastern dec i d uous  
forest b i ome ( Bra un 1 950 ; Shel ford 1 963 ; Kuch l er 1 974 ; Kende i gh 1 97 4 ;  Ga rl' i son e t  a l . 1 977 ) ,  
These a re s im i l a r  to the vegetat ion  to the  east  and south . The ba l ance of the  reg i on was 
o r i g i n a l l y  covered by the pra i r i e  and p l a i ns gra s s l ands ( Carpenter 1 94 0 ;  Toma nek  and  A l bertson 
1 957 ; Kuch l er 1 974 ; Garr i son et a l . 1 977 ) .  Common as soc i ates  in the t r'ue  pra i r i e  i n c l ude b i g  
and 1 i tt l e  b l uestem , I nd i an grass , needl egt'a s s , pra i r i e  dropseed , and s�Ji tchgrass ; mi x ed pra i r i e s  
conta i n  severa l  grama gras ses , b u ffa l o  gras s ,  western wheatgrass , b l uestem , and other spec i es . 
El m-cottonwood assoc i at ions penetrate the  gra s s l ands a l ong  t he fl oodp l a i ns o f  waterways ( S he l ford 
1 963 ; Johnson et a l . 1 976 ) . Areas of und i sturbed n a t i ve vegeta t i o n  are rare i n  t h i s  reg i o n .  
Most o f  the area h a s  been i n  u s e  as  crop l and  o r  ran ge 'l and s i nce the 'l a te  1 9th cen tu t'y ( see Sect i on 
4 . 4  and Append ix  G ) .  

H . l  . 7 . 2  An ima 1 s 

The fauna  o f  the dec i d uous forests  i s  s im i l a r  to that o f  the fo rest3  o f  adjacent reg ions . The 
gras s l and fauna tends not to be as  d i verse as that of  the forest ( Carpenter 1 940 ; Shel ford 
1 963 ) .  The most con s p i cuous i n h ab i tant of the grass l ands i s  the pronghorn ante l ope , wh i c h  i s  
found i n  the we stern porti ons o f  the reg i on ( O I Gara 1 978 ) .  Wh i te-ta i l ed deer can  be abundan t 
al ong watercourses , where woody vegeta t i on occurs ( She l ford 1 963 ; Garri son et a l . 1 97 7 ) . Rabbi ts , 
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pra l r l e  dogs , ground squ i rrel s ,  poc ket gophers , and  other rodents make  u p  the  sma l l mamma l 
component of the ecosystem . Coyotes and badgers are the maj or mammal i an predato rs . Several 
spec i e s  of ga l l i naceous b i rds can be found i n  the gra s s l ands , i nc l u d i ng bobwh i te ,  sharp-ta i l ed 
grouse , and greater pra i r i e  c h i c ken ( Shel ford 1 963 ; Kende i gh 1 974 ) .  Song b i rds  found i n  the 
gra s s l ands i nc l ude horned l ark , wes tern meadowl a r k ,  and l ark bun t i n g  ( Shel ford 1 963 ; W iens  
1 97 3 ) . I n sects are fa i r l y  abundant i n  gra s s l and ecosystems . 

H . l . 8 Demand  Region V I I I  

H . l . 8 . 1 Vege tat ion  

The vegetat ion  o f  Demand Reg i on V I I I  var ies  from the  p l a i n s grass l ands i n  the eas tern port ions  
to t he mounta i n  coni ferous  forests of  the Roc ky Mounta i n s  and  the desert s crub of  the  south
western part of  the reg i o n  ( Carpenter 1 940 ;  Shel ford 1 963 ; Cronq u i st et a l . 1 972 ; Armstrong 
1 972 ; Kende i g h  1 974 ;  Garri son et a l . 1 977 ) .  

The grass l ands commu n i t i es are domi nated by short- and mi dgrasses such  a s  western wheatgrass , 
b l ue grama , need l egrass , and b u ffa l o  grass  ( Carpenter 1 940 ;  Shel ford 1 963 ) .  These gra s s l ands 
have been extens i vel y grazed by l i vestock , and l i tt l e  undi sturbed gra s s l and rema i n s . I n  some 
areas overgra z i n g  has  resu l ted i n  the i nvas i on of shrubs and cacti  'i nto the gras s l ands . The 
sagebru s h  commu n i t i es of t h i s  regi on o verl ay a number of coa l depos i ts .  These commu n i t ies  are 
domi nated by b i g  sagebru s h ;  howeve r ,  rabbi tbru s h ,  b i tterbru s h , b l a c kbrus h ,  Mormon tea , and 
hopsage are common shrub as soc iates ( Shel ford 1 963 ; Cron q u i s t  et al . 1 97 2 ; Redmann 1 975 ) .  
Associ ated perenn i a l  gra s ses  i ncl ude wheatgrass , b l uegrass , fescue , I n d i an r i cegrass , and 
squ i rrel ta i l . Heavy gra z i ng has reduced the i mportance of peren n i a l  grasses i n  many of these 
commu n i t i e s .  Perenn i a l  and annual  herbs are o f  l ess i mportance i n  the sagebru sh  scru b .  

The p i nyon p i ne-j u n i per assoc i a t i ons of  t h i s  reg i on form a trans i t i on from the grass l and and 
scru b l and commu n i t i es i nto the mounta i n  con i ferous  fores t  ( Shel ford 1 963 ; Cronq u i st et a l . 
1 972 ) .  The unders tory common l y  conta i ns b i g  sagebrush , b i tterbru sh , snowbru s h ,  ra bbi tbru s h ,  
oa k ,  and Mormon tea . Common peren n i a l  grasses i nc l ude wheatgrass , b l uegrass , fesc ue , I nd ian  
r i cegrass , and  need l egrass . A vari ety of  fo rbs are a l so found i n  t he  understory of the  p i nyon 
p i ne-j u n i per commu n i t i e s .  

The mounta i n  con i ferous forests occupy t h e  h i gher s l opes of  t h e  Roc ky Moun ta i n s  and assoc i a ted 
mounta i n  ranges w i t h i n  the Reg i on ( Shel ford 1 963 ; Cron qu i s t et a l . 1 972 ; Arms trong 1 97 2 ;  Despa i n  
1 973 ) .  Ponderosa p i n e ,  l odgepo l e  p i n e ,  l arc h ,  Doug l as f i r ,  and f i r-spruce assoc i a t i ons  are the 
predomi nant commun i t i es of  t h i s b i ome in the  reg ion . Ponderosa p i ne assoc i a t i ons  are the most 
w i despread w i t h i n  t h i s  reg i on cover i ng t he drier s l opes of the Roc ky Mounta i n s ,  and severa l 
patches occur as i s l ands i n  the gra s s l ands of the Northern Great P l a i ns .  Snowbru s h ,  deerbru s h ,  
manzan i ta ,  rabbi tbru s h , h a i ry dropseed , muhl y ,  and squ i rrel t a i l  are common components o f  the 
understory .  

The fl oodp l a i n s o f  waterways pass i n g  through the gra s s l ands o f  t h i s  reg i on pro v i de the  opportun i ty 
for the i nvas ion  of various  dec i duous forest spec i e s  ( Shel ford 1 963 ; Johnson et al . 1 976 ) . 
These habi tats i ncrease t he d i vers i ty of b i ota w i t h i n  the reg ion . Cottonwood , e l m ,  as h ,  and 
w i l l ow are c haracter i st i c  components of  these forests . Perenn i al grasses of the  gra s s l ands  and 
s hrubs ma ke up the spa rse understory of th i s commun i ty .  

H . l . 8 . 1  An imal s 

B i son were ori g i na l l y  one of the  domi nant grazers of the p l a i ns gra s s � ands pri or to t he i r  ext i r
pat i o n  by the  whi te man ( Carpenter 1 940 ;  S he l fo rd 1 963 ; Kendei gh 1 9 74 ; Garri son et a l . 1 977 ) .  
Today , the  on ly  nat i ve l a rge grazer i s  t he pronghorn ante l ape . Common smal l mammal s  of  the 
gras s l ands i nc l ude cottonta i l  rabb i t ,  jackrabb i t ,  poc ket gopher ,  and several m ice . The bl ack
tai l ed pra i r i e  dog  i s  a maj or food s tap l e  for severa l predators , i nc l ud i ng the endangered b l ack
footed fe rret . Ne sti ng b i rds of the gra s s l ands i nc l ude the we stern meadowl ark , horned l ar k ,  
grasshopper sparrow , and l ark bunti ng ( S he l ford 1 963 ; Kende igh  1 974 ; W i ens 1 973 ) .  The major 
predators are coyote , badger ,  k i t  fox , pra i r i e  fa l co n ,  gol den eagl e ,  ferru g i nous  haw k ,  and 
pra i r i e  ratt l e snake 

The sagebru s h  commur, i t i e s  are i mportant  to several a n i mil l s as fora g i ng and nes t i n �J s i tes . Mu l e  
deer and e l  k ma ke l! ':;fe of these commun i t i (es a s  �ri nter for'ag i ng areas (Mac k i e  1 970 ) .  Pronghor'n 
are h i gh l y  depender t upon sagebrush as soc i at i ons for forage ( O ' Gara 1 978 ) .  A number O f  b i rds 
nest i n  t he saQe�r�sh  zone . Sage grouse a r e  a s soc i ated w i t h  dense stands of sagebrus h  ( Eng and 
Sch l adwe i 1 er 1 972 ) .  Sest ( 1 97 2 )  s u ggests that the B r ew2r ' s  s pa rrow is  dependent upon sagebrush 
for nest i n g  s i t� s .  Important predators are coycte , k i t  fox , gol den eagl e ,  Cooper ' s  hawk , pra i r i e  
fa l co n ,  burt'ovri n g  01'11 , and s evera l sna kes . 



H-8 

The fauna  of the p i nyon p i ne-j un i per commun i t i es i s  tran s i t i onal between the faunas of the l ower 
and h i gher e l eva t i ons  ( Shel ford 1 963 ) .  The h i gher coni ferous  forests provide a va ried hab i tat 
for expl o i tation by a l arge number of an ima l s .  Mul e and wh i te-ta i l ed deer ,  el k ,  and moose ma ke 
use of the forests and fore st-edge commun i t i e s  for forage and protect i on from cl i mati c extreme s .  
Ch i pmun ks , tree squ i rrel s ,  wood rats , and severa l mi ce are common i nhab i tants of these fores ts 
( Shel ford 1 963 ) .  Re s i dent b i rds i ncl ude Stel l ar ' s  j ay ,  mounta i n  c h i c kadee , mounta i n  b l ueb i rd ,  
p i gmy nuthatch , and several warbl ers . The domi nant predators i nc l ude bobcat ,  mounta i n  l i on , 
wease l , fl ammul ated owl , gol den eagl e ,  and pygmy owl (Shel ford 1 963 ) . 

The dec iduous fo re sts that extend al ong fl oodp l a i n s i n  the grass l ands add a di verse fauna to the 
compara t i ve l y  s impl e  fauna of the grass l ands (Shel ford 1 963 ) .  Wh i te-ta i l ed deer use these 
forests exte n s i vel y .  Cottonta i l s , raccoo n s ,  s tri ped s kunk , and j umpi ng m ice are some of the 
sma l l mammal s found i n  these ecotonal forests . Nest ing  b i rds i ncl ude bobwh i te ,  mourn i ng dove , 
red-shafted fl i c ker ,  crow , and n i ghthawk .  Among the predators are the red fox ,  l ong-ta i l ed 
wease l , red-ta i l ed hawk , Cooper ' s  hawk , screech owl , and several spec ies  of snakes . 

H . l . 9 Demand Regi on I X  

H . l . 9 . l  Vegetat ion 

The vege tat i on of t h i s  reg ion i s  h i gh ly  varied , beca use the area i s  d i s sected by a n umber of 
mounta i n  ranges and i s  affected by both Pac i fi c  and Gul f cl ima t i c  patterns ( Munz and Kec k  1 949 ; 
Shel ford 1 963 ;  Garri son et al . 1 97 7 ;  Cronqu i st et al . 1 972 ; Brown and Lowe 1 974 ) .  Desert scrub 
commun i t i es cover a major  proportion of the i nteri or  l owl ands . In the sou thern , warmer deserts , 
domi nant shrubs i nc l ude creosotebus h ,  bursage , joshua  tree , yucca , and several cact i .  Many 
commu n i t i e s  of the Ari zona deserts are characteri zed by the presence of saguaro cactus , ocot i l l o ,  
pal o verde , and agave.  Several peren n i a l  grasses such  as b i g  gal l eta and bush  muh ly  occur in 
these hab i tats . The northern , co l der deserts are charac teri zed by such s hrubs as b i g  sagebrus h ,  
s hadsca l e ,  hopsage , b l ackbrush , greasewood ,  wi nterfa t ,  ra bbi tbru s h , and Mormon tea . 

Two part i cu l ar ly  un ique  types of trees occur i n  these forests . The g i ant sequo i a , one of the 
l argest trees in exi stence , i s  found in forests of the southwestern s l opes of the S i erra Nevada . 
The bri stl econe p i nes are some of the o l dest trees i n  exi stence.  These trees occur i n  the 
suba l p i ne habi tats of many of the a r i d ,  wi ndbl own mounta i n  ranges east of the S i erra Nevada . 

The ori g i na l  annual  grass l ands of the Cal i forn ia  va l l ey fl oors are essent i a l ly  exti nct ( Shel ford 
1 963 ) .  They have been repl aced by exoti c  grasses , such  as oats , or cropl and . Large areas of 
broadl eaf , sc l erophyl l ou s  ( w i th th i ckened , hardened l eaves ) scrub commun i t ies  st i l l  rema i n .  
Many o f  these commun i t i es are adjacent to the heavi l y  urban� zed area s o f  Cal i forn i a .  These 
commu n i t i e s  are domi nated by shrubs and sma l l trees adapted for the pro l onged summer drought 
that i s  characteri st ic  of t h i s  area (Munz and Kec k 1 949 ; Shel ford 1 963 ) .  Common p l ants of these 
commu n i t i e s  i nc l ude chami se ,  coastal sagebrush , manzan i ta ,  bl ac k  sage , mounta i n  mahogany , wi l d  
buckwheat ,  and l i ve oa k .  Commun i ty types range from chaparral w i t h  a dense canopy of s hrubs to 
the more open woodl ands wi th  understories  of exotic grasses i n fl uent from the adj acent grass l ands . 

Redwood forest assoc i at i on s  occupy the l ow ,  coastal  mounta i n s  of northern Cal i forn i a and overl ap 
the northward exten s i on of  urba n i zation  ( S hel ford 1 963 ) .  Most of these forests have been l ogged 
in the pas t ,  and l ogg i ng  i n terests are sti l l  remov i ng redwoods i n  some areas . Some of these 
tree s are the tal l est on record. These fo rests are h i gh l y  dependent upon moi sture from coasta l  
fog , part icu l arl y i n  t he  summer.  Doug l a s  fi r is  associ ated wi th these forests . Tanoa k ,  Cal i forn i a  
l aurel , Pac i fi c  madrone , and a l der are common ly  present .  The  shrubby unders tory i ncl udes 
rhododendron ,  box bl ueberry , hazel , sa l a l , and several fern s .  

H . 1 . 9 . 2  An imal s 

The variety o f  hab i tats i n  thi s reg i on has  resul ted i n  the evo l u t i on of a h i g h l y  var ied fauna 
( Shel ford 1 963 ;  Kende i gh 1 974 ;  Garri son et a 1 . 1 977 ) .  Domi nant mammal s  of the desert scrub 
habi tats are rodents ,  i ncl ud ing  the ka ngaroo rat ,  wood ra t ,  and grasshopper mouse , and l ago
morph s ,  such a s  the b l ack-ta i l ed jac krabbi t ( Shel ford 1 963 ) .  Characteri st ic  b i rds i ncl ude the 
G i l a  woodpecker ,  roadrunner , sage sparrow, cactus wren , and l oggerhead shr i ke .  Domi nant preda
tors are coyote , k i t  fox ,  red- tai l ed hawk , burrowi ng owl , and severa l  speci es of rattl esna ke s .  
L i zards are abundant i n  the desert ( P i a n ka 1 967 ) ;  common spec i es are l eopard l i zard ,  s i de
b l otched l i zard , horned l i zards , wh ipta i l ed l i zard ,  and desert i guan a .  Desert torto i ses are 
found i n  some desert scrub commun i t  i es . Spade foot toads i n ha b i tant areas Ivhere ephemeral 
stand ing  water i s  l i ke l y  to occur after ra i n .  

Mu l e  deer u ti l i ze the broad scl erophyl l woodl ands and den se chaparral edge for forage \ )ne I Tu r'U 
1 963 ) .  Ground squ i rrel , wood rat,  poc ket gopher ,  and cotton ta i l  are connnon sma l l mammal s .  
Av ian  res idents i ncl ude Ca l i forn i a  qua i l , hummingb irds , wren t i t ,  common busht i t ,  and wes tern 
k ingb i rd .  Domi nant predators are coyote , sparrow hawk , red-ta i l ed hawk , and rattl esnakes . 
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The fauna of  the redwood forests is s i mi l ar to that found i n  con i ferous forests of  h i g her 
e l evat ion  and l at i tude ( Shel ford 1 963 ) . Mul e deer and b l ack bear can be found in  these forests . 
A number of sma l l rodents prov ide a food source  for red-tai l ed hawk , screech owl , and great 
horned owl . The b l ue grouse i s  the most common ground-nest ing  b i rd .  Other b i rds o f  the redwood 
forests i nc l ude p i l eated woodpec ker , o l i ve-s i ded fl ycatc her , gray jay , brown creeper , and hermi t 
warbl er.  

H . l . 1 0  Demand Region  X 

H . l . 1 0 . l  Vegetation  

The  l owl and a reas of  this  reg ion  are dom i nated by sagebrush scrub  communit ies cont i nuous w i th 
th i s  commun i ty type i n  Nevada , Uta h ,  and Wyoming  ( Shel ford 1 963 ; Cronqu i st et al . 1 97 2 ;  Kendeigh  
1 974 ; Garri son et a l . 1 977 ) . The bal ance of  the a rea i s  covered by a ssoc i a t i ons  of  coni ferous 
forests that i nc l ude ponderosa  p i n e ,  l odgepo l e  p i n e ,  l arc h ,  western wh ite p i n e ,  Dougl as fi r ,  
Engl emann spruce , s i l ver f i r ,  and moun ta i n  hem lock .  The coastal , mesophyti c  forests o f  Oregon 
and Was h i ngton a re dominated by western heml ock and s i tka spruce . These coastal communi ties 
have a dense undergrowth domi nated by sa l a l , vine  mapl e ,  salmon-berry and dev i l  ' s  c l u b .  

H .  1 . 1 0 . 2 An i rna 1 s 

The fauna  of  the sagebrush zone i s  conti nuou s with  the fauna of  sagebrush communit ies i n  Nevada , 
Uta h ,  and Wyom i n g  ( Shel ford 1 963 ; Kendei gh 1 974 ; Garri son et a l . 1 977 ) . The con spi cuous herbi vores 
of the mounta i nous  con i ferous forests and meadows i nc l ude mu l e  deer,  el k ,  moose ,  mounta i n  goa t ,  
and mounta in  s heep . Several sma l l mammal s serve as food for coyote , bobcat ,  weasel , and wol veri n e .  
B i rds i nc l ude spruce grouse , boreal ch ickadee , p i ne gros bea k ,  a n d  w h i te-winged crossb i l l .  The 
fauna of the coas ta l  forests i s  deri ved from the con i ferous mounta i n  forests . 
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APPEND I X  I .  AQUATI C  B IOTI C  RESOURCES 

I . l  NEW ENGLAND WATER RESOURCE REG I ON 

Th i s  reg i on conta i n s  the s tates of Mai n e ,  Vermon t ,  New Hampsh i re ,  Massachus setts , Connecti cut ,  
a nd  Rhode I s l and ( Vo l . I ,  F i g .  4 . 1 9 ) . I n  th i s  area , major facto rs that infl uence the character
i s ti cs of the aqua t i c  resou rces are the spars i ty of sed i mentary rocks  and the fact that the 
enti re area was g l ac i ated ( Geraghty et al . 1 97 3 ) . Th i s  has resu l ted i n  the occurrence of numerous 
l a kes , ponds , bogs , and streams of re l at i ve l y  l ow hardnes s  and l ow natura l  producti v i ty ( Brooks 
and Deevey 1 966 ) . Water bodies in sou thern New Engl and are general l y  h i gher i n  to ta l hardnes s  
because of the occurrence of  some l i mestone . I n  add i t i on , the i r  h i gher natural  nu tri ent l eve l s  
and the add i ti on o f  l arge quan ti t ies of  mun i c i pa l  wastes make them the most product ive .  

The  bogs  that are preva l en t  throughout rnucrl of the  reg i on are very s i mi l ar to those found i n  the 
northe rn Mi dwes t ,  in the al p i ne zone of the Rock ies , and on the Coastal P l a i n .  Thei r wa te r i s  
typ i ca l l y  ac id  ( pH 4-7 ) , very l ow i n  buffering  capaci ty , and h i g h  i n  humi c acids ( Broo ks and 
Deevey 1 966 ) . Few f i s h  e x i s t  i n  northe rn bogs becau se of thei r shal l owness  and l ow pH , but  a 
great d i versi ty of phytop l ankton and zoopl an kton often occurs (Macan 1 9 74 ) .  

Fres hwater mars hes i n  the reg i on are typ i ca l  o f  those found i n  the tempera te U n i ted States . 
Most  are domi nated by catta i l  (Typha spp . ) and are general ly  h i gh ly  producti ve , part icu l arly i n  
compari son t o  adjacent l akes ( Re id  1 96 1 ) .  Because of the shal l owness  of these marshes and the i r  
tendency t o  become seasona l l y  anoxi c ,  few fi sh exi st  year-round ,  a l though mi nnows and bu l l heads 
are common in the deeper marshes . However, n umerous  a l gal , angi osperm , and i n vertebrate species 
e x i s t  i n  s uch envi ronmen ts . Because of the quan t i ty of autotrop ic  b i omass that these systems 
produce , they serve as e ffi c i ent puri fiers of the wate r that tri ckl es through  them ; thus , they 
l i ke l y  prov ide some deg ree of protecti on aga i nst  pol l u tants to adj acent water bod ies  ( Hynes 1 971 ) .  

Most  l akes i n  the reg i on are o f  g l ac i a l  ori g i n ,  a l though a few art i fi c i a l  impoundmen ts exi s t .  
The greatest den s i ty of l akes and the l argest l akes occu r  i n  the north where three w i th a n  area 
of >1 00 km2 ( >39 sq  mi l exi st  ( Brooks  and Deevey 1 966 ) . Many of  the no rthern New Engl and l akes 
are st i l l  re l ati ve l y  pri st ine , a l though  i ncreased recreat i on , l umberi n g ,  agricu l ture , and an 
expand i n g  popu l ati on have comp romi sed the i r qual i ty .  The l argest l a kes are typ i ca l l y  h i gh l y  
o l i gotroph i c  and con ta i n  l i ttl e macrophyte deve l opment and few benth i c  i nvertebrates . These 
possess a co l d-water sport f i shery dom inated by wh i tef i s h , trout , and freshwate r sa lmon ( Brooks  
and Deevey 1 966 ) . 

Severa l re l at i ve l y  l arge ri vers occur i n  the reg ion but most have rece i ved cons i derab l e  stress  
from i ndustri a l , agr icu l tura l , and  mun i c i pal wastes that  have greatl y modi fied the  b i ota (Broo ks 
and Deevey 1 966 ) . Numerous smal l er streams that are more i so l ated from perturbat ions  a l so 
exi s t ,  parti cul arly i n  northern New En gl and . These are typ i ca l l y  co l d  and we1 1 -oxygenated , and 
they commonly  conta i n  stab l e  popul ations  of  broo k trout  ( B rooks and Deevey 1 966 ) . 

Severa l  estuaries and bays exi st  i n  the reg i on , many of wh i ch di spl ay natural l y  h i gh producti v i ty .  
Howeve r ,  the i nf l u x  of l arge quant it ie s  of heavy metal s ,  pesti c i de s ,  and other wastes has greatly 
a l tered the b i ota of  most of  these areas ( Re i d  1 96 1 ) .  

A reg i onal prob l em that has the potentia l to affect adverse ly  the b i ota i s  the i ncreased aci di ty 
of s urface waters due to aci  d ra i n .  Th i s phenomenon has been documented to affect more severe 1 y 
those waters that are poorly bu ffered ,  such  as those found i n  the New Engl and Wate r Resource 
Reg i on ( WRR)  ( Hornbeck ,et al . 1 9 77 ) . The causal  factors are general l y  a i rborne su l fates and 
n i trogen ox ides from sme l ti ng ,  fo ss i l fuel combust ion , and i ndustri a l  proces ses that are brought 
to earth in ra i n  as  ac i d s .  I ncreased foss i l  fue l combust ion , i f  n o t  coupl ed w ith desu l furi zati on 
equ i pmen t ,  can be expected to exacerbate the ac id  ra i n  prob l em .  

I n  general , heavy meta l tox i c i ties  are a l so g reater i n  poorly buffered waters than i n  those with  
h i gh carbonate-bi carbonate concentrations  ( National  Academy of Sci ences , Nati onal Academy of  
Engi neering  1 9 72 ) .  Th i s  WRR i s  thus more su scepti b l e than many to toxi c  effects from coal p i l e  
and ash  pi l e  l eachates . 

1 - 1  
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1 . 2  M I D-ATLANT I C  WATE R  RESOURCE REGION 

The  t�i d-At l ant i c  vJRR conta i ns a w i de vari ety of phys i ograph i c  features i nc l udi ng  ri dge and 
va l l ey topogra phy , B l ue Ri dge mounta i n  terra i n ,  p i edmont , coas ta l  p l a i n ,  and g l ac i a l  p l a i n s  
( Stra h l e r  and Strah l e r  1 976 ) .  Consequent l y ,  the area ' s  aquati c ecol og i cal  resources a re 
d i verse . The  upper port i on of t he reg i o n ,  i nc l ud i ng parts of New Yor k ,  New Jersey , and Pennsyl 
van i a ,  was g l ac i ated and i s  r i c h  i n  l a kes , wet l ands , and streams ( Berg 1 966 ) .  Mos t of these 
water bod i e s  ( parti cul arly t hose in the Ad i rondack and Cat s k i l l  mounta i n s )  are edaph i cal l y  
h i gh l y  o l i go troph i c ,  and the i r  l ow n utr ien t  l eve l s  severely l i mi t fi s h  product ion ( Berg 1 966 ) .  
Other l akes i n  the area are h i g h l y  product ive , parti c u l ar ly  those i n  l owl ands where some l i mestone 
occurs to prov i de hardness ( usua l l y  med i um )  and where mun i c i pal  sewa ge and ferti l i ze r  runoff a re 
i nputted ( Berg 1 96 6 ) . These a reas , wh i ch i n c l ude New York ' s  F i n ger  Lakes , contri bute great l y  to 
the four mi l l i on a reas of fi shab l e  fres hwa ters that th i s  WRR and the New Engl and WRR compri se  
together ( Geraghty e t  a l . 1 97 3 ) . Major  f i s h i ng resources i n  the g l ac i ated a rea i nc l ude brook 
and brown trout ( i n  the mou n ta i n  s tream s )  and mu s ke l l unge and centrarc h i ds i n  the mesotroph i c  
l owl and l akes ( Berg 1 966 ) . 

Ungl ac i a ted port i ons of the reg i on conta i n  far fewer water bod i es and vi rtua l l y no natural 
l akes . Hot spr ings  occur in a few areas , but  the i r  total wa ter vol ume i s  i n s i gn i fi can t .  From 
an eco l og i cal standpo i n t , however , t hey a re of great i nterest  as resear'ch a l'eas because the 
b i o t i c  communi t ies  they harbor a re very d i fferen t  from those in adjacent waters ( Yount 1 966 ) . 
The coastal p l a i n  a rea ( pa r t i c u l ar ly  of New Jersey ) has  severa l bogs s i m i l ar to thos e  found i n  
the New Engl and WRR ( Berg 1 966 ) .  The reg i on al so conta i ns numerous h i gh ly  producti ve estuari es 
that are i mportant  n ursery grounds for many commerci a l  and s port fi s h  and shel l f i s h .  

Th i s  WRR recei ves the greate s t  mun i c i pa l  sewage l oad i ng of any reg i on ( Geraghty e t  a l . 1 97 3 ) , 
wh i c h  has  caused severe b i oti c degrada ti on of i ts major  ri vers and of many of i ts l a kes ( Berg 
1 966 ) . Coal m i n i ng in Pennsyl van i a  and Vi rg i n i a  has a l so caused con s i derab l e  harm by compl etely 
e l i m i na t i n g  trou t from some areas  and by essen t i a l l y  e l im i nati ng a l l b i ota from others ( Berg 
1 966 ) .  Major  factors contr i b u t i n g  to t h i s  deg radat i on i nc l ude i nc reased sedimenta t i on , ac i d  
dra i nage , and heavy metal s .  Heavy metal s from i ndustri e s ,  pes t i c i des , and the h i g hest  reg i ona l  
output of thermal effl uents have contri buted to  the  dem i se of  the  major  ri vers ( Ge raghty et a l . 
1 973 ) .  Al though few a re acti v e l y  fi shed and recreation  i s  curta i l ed on many , some recent pro
gress  has been made in revers i n g  the deg rada t i on ( Berg 1 966 ) .  

1 . 3  SOUTH ATLANT I C- GULF  WATER  RESOURCE  REGION  

Th i s  WRR encompasses much of  the  eastern coastal  p l a i n  and p i edmon t  areas . Most o f  the  southern 
part of the reg i on i s  c haracteri zed by very soft water whe reas F l ori da ( pa rt i c u l arly the southern 
ha l f ) genera n y  conta i n s  moderate l y  hard to hard waters . Natura l producti v i ty of these wate rs 
i s  rough ly  d i rect ly  proport i ona l  to the i r  hardness ( Yount 1 966 ) .  

Ri vers i n  the northern port i on o f  the reg i on typ i cal l y  ari se as moun ta i n  streams that become 
warme r ,  s l o\'ier ,  and more turb i d  i n  t he P i edmo'n t ( Yount 1 966 ) . After c ros s i ng the fal l l i ne , 
these ri vers enter the  Coastal  P l a i n  and become broad , s l owl y fl owi ng streams w i t h  rel at i ve l y  
l es s  s i l t  conten t .  Many o f  them termi nate i n  swamps and mars hes near the coast ( Yount 1 966 ) .  
The  natura l  b i ota  of  these r i vers changes markedly a l ong the i r  l ength ; that i s ,  trout are prev
a l en t  in  the undi s turbed headwaters whereas only spec i es capab l e o f  to l erat i n g  very h i gh tempera
tures  [ u p  to 35°C ( 9 5" F ) ]  occ u r  i n  the marshy areas near the r i vers ' mou ths ( e . g . , mi nnows , cen-
trarc h i d s )  ( Hynes 1 9 7 2 ) . 

As i de from severa l reservo i rs ,  the on l y  major  l akes i n  the north are the Carol i na bay s .  These 
a re sma l l l akes that have peat  and sand bottoms , l ow pHs , and l ow product i v i ty ,  but  d i verse f i s h  
commun i ties  ( Yount 1 966 ) . I n  con tras t ,  t h e  so l u t i on l akes o f  F l o r i da ( of  wh i ch there are 
thousands ) are typ i ca l l y  h i ghl y producti ve and al ka l i ne and often conta i n  dense growths of 
duckweed (Le;r,na ) , water hya c i n th ( S'ichornia ) , water l ettuce (,oistia ) ,  and water fern (Sal-vinia ) .  
The smal l er ones a re typi cal l y  ano x i c  a s hort di stance bel ow the s urface , and the on ly  fi sh  
present are mi nnows ( parti c u l arly  Ciarc:vu3 ia aC' t'i 'i ':;; ) (Yount  1 966 ) .  F l or ida ' s  l arge l akes ha rbor 
a good s port f i s hery dom i nated by l argemouth bass ; the ent i re reg i on c l a i ms the greate s t  area of 
fi s hab l e  fl'es hwaters of  any i�RR [ 1 . 89 x 1 0 6 ha ( 4 . 68 x 1 0 6 acres ) ]  ( Geraghty et al . 1 9 73 ) . 

The reg i on has the g reatest areal extent of fres hwater swamps and mars hes of anywhere i n  the 
coun try ( Geraghty e t  a 1 . 1 97 3 ) . Add i t i ona l l y ,  muc h of i ts coast l i ne con s i s ts of  sa l t mars hes 
and mangrove swamps , The i n l and swamps are typ i cal l y  devo i d  of  l arge fi sh but  conta i n  many 
amph i b i ans , i nverteb rates , a l gae , and a'1g i os perrns . The i r wa te r i s  typ i ca l l y  h i gh l y  col ored from 
humi c substances and i s  ac i d i c  ( Yount 1 966 ) . The fre s hwater marshes a re h i gh ly  producti ve and 
u s ua l l y  conta i n  c l ea r , a l kal i ne wCl ter ;  t hey do not ha rbo r l arge fi sh  but conta i n  a d i vers i ty of 
other aquati c b i ota ( Re i d  1 96 1 ) .  Grasses , sedges , reeds , and ru shes are the emergent macrophytes 
of these areas , and the commun i ty i s  much d i fferent than that found in more temperate l ocat i ons 
of  the coun try ( Fassett 1 9 57 ) . 
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A habi tat  common to porti ons  o f  th i s  reg i on i s  the artes i an spr i ng . These spr ings  primari l y  
occur i n  the karst area of  F l o ri da a n d  represent some of the most producti ve areas i n  the 
coun try (Yount 1 966 ) . The i r  waters are nearly homothermal  year-round and are genera l l y  hard . 
I n  add i t ion  to t he l arge standi ng crops of f i s h  that they produce , these springs  conta i n  l arge 
quanti t i es of  ang i osperms ( c h i ef ly  lomta ) and al gae ( Yount 1 966 ) . 

Major perturbants of ecosys tems i n  the reg i o n  i n c l ude h i g h  pesti c i de i nputs , mun i c i pal waste 
addi ti ons , and turb i d i ty frolll l og g i n g  and agri cu l ture . These are respon s i b l e for mak i ng the 
reg i on one of  the h i g hest  i n  the n umber of  f i s h  k i l l s  ( Geraghty e t  al . 1 973 ) . Turbi d i ty i ncreases 
have been parti c u l a r l y  destruct i ve in the north , where suspended so l i ds l eve l s  of  1 200 mg/L 
and  greater are not uncommon ( Yount  1 966 ) .  S i l tat ion  i s  frequently impl i cated in the destruct ion 
of bottom organ i sms ( by creati ng food shortages for fi s h )  and i n  the d i rect destructi on of f i s h  
( by g i l l  c l ugg i n g ,  covering  of  spawn i n g grounds , etc . ) ( Hynes 1 97 1 ) .  

1 . 4  TENNESSEE WATER RESOURCE  REGION 

Th i s  W RR l arge l y  conta i n s  s teep topography , and none of i t  has  been g l ac i ated ( Geraghty et al . 
1 973 ) .  Hence , few nat llra l l akes or wet l ands e x i s t  i n  the area ; the water resources are domi nated 
by streams , the l arger of w h i ch have been exten s i ve l y  i mpounded ( P atterson 1 970 ) .  The waters 
are of genera l l y  l ow natura l product i v i ty ;  total d i s so l ved so l i d s  and hardness concentra t i on s  
range from l ow t o  moderate . 

Mounta i n  s treams i n  the  area are typ ica l l y  c l ear , col d ,  and sha l l ow and harbor a di verse i nverte
brate as semb l age ( Hynes 1 972 ) . Red a l gae have been reported from these habi tats ( Parker 1 976 ) , 
and ra i nbow , brown , and brook trout are l oca l l y abundant ( Gerk i n g  1 966 ) .  Many o f  the h i gher
a l ti tude streams a re s t i l l  re l ati vel y pri sti ne , but  several have been extens i ve l y  pol l uted from 
a c i d  m i ne dra i nage ( Gerk i ng 1 966 ) . The resu l t  of t h i s  d i s turbance has been a s impl i fi cati on of  
the food c ha i n  w i t h  the  occu rrence of  a few spec i es ( sometimes abundan t )  that a re to l erant  of  
l ow pHs , h i g h  d i ssol ved sol i ds ,  h i g h  turb i d i ty ,  and i ncreased l evel s of metal l i c and organ i c  
toxi cants ( Hynes 1 972 ) .  

The l a rger ri vers have been greatl y al tered from thei r  o r i g i n a l  condi ti on .  The cons truct i on o f  
many dams has s tabi l i zed s tream fl ows (wh i ch  used to vary con s i derab ly  dur.i ng the yea r )  and has  
res u l ted in  a l ong series  of  arti f i c i a l  l akes where fl owi ng water used to exi s t .  The e ffect on 
the b i ota as a res u l t has  been profound . For exampl e ,  pl ankton are more n umerou s ,  and s pe c i e s  
of  benth i c  i nverte bra tes and f i s h  have changed ( Gerk i ng 1 966 ) .  These reservoi rs provi de a n  
ac ti ve wa rmwater s port f i s hery domi nated b y  bass , bl ue g i l l ,  cra ppi e ,  and wa l l eye , a n d  tai l race 
waters provi de trout habi tat i n  some areas ( Gerk i n g  1 966 ) . I n  thi s WRR , 377 , 000 ha ( 930 , 000 acre s )  
o f  fres hwater  exi st  for fi s h i ng ( Geraghty et al . 1 97 3 ) . 

Major effl uent probl ems that have affec ted the b i ota of the l a rger s treams i nc l ude mun i c i pa l  
waste add i t i on ( caus i n g  nu i sance pl ant growth )  a n d  heavy meta1 addi t i ons from industr i a l  faci l i ti es 
( Geraghty et al . 1 973 ) . 

I . S  O H I O  WATER RESOURCE REGION 

The Oh i o  Water Resource Reg i on conta i n s  some of the same habi tats found in the Tennessee WRR. 
Mou n ta i n  streams s uc h  as those descri bed in Sect i on E . 4  are common in some parts of  Pennsyl van i a , 
Wes t  V i rgi n i a ,  Tennessee , Ken tucky ,  and Oh i o  (Patterson 1 970 ) .  Because these areas are al so  
heav i l y  mi ned for  coa l , many of t he same types o f  m i ne drai nage probl ems ex i st  here . Al though 
some of  the more remote streams have escaped degradat ion , much of  the Appa l ach i an port ion of 
th i s  regi on has been �reat l y  i mpacted ( Gerk i ng 1 966 ) . Consequen tl y ,  the natural b i o ta has  been 
l arge l y  d i sp l aced by mo re t o l e rant forms . Thu s ,  trout that were once abundant l ocal l y  have been 
v i rtual l y  e l i m i nated . 

The reg i on cO l lta i n s  severa l  l a r'ge ri vers that , because of the i r  s l ow-fl owi ng  characteri s ti c s , 
more nea r"] )' )"'e s emb l e  t � ' ,) i d  l a kes , i n  many respects . The O h i o  Ri ver , for exampl e ,  conta i ns 
reproduc i ng p l ankton pupu ; at i oll s  i n  s evera l areas ( Gerki ng 1 966 ) . A warmwater f i s hery of cons i d
e rabl e  s port val ue  oeCeirs i n  many of these r i vers , desp i te the probl em of progre s s i ve water 
quc: l i ty degradation  ( �li gda l s k i 1 962 ) . F i s h  common l y  caught  i n c l ude carp , catfi s h ,  drum , bass ,  
and b l uegi l l . Al though commerc i a l f i s h i ng ( e . g . , for wa l l eye ) once occurred extens i ve l y  on a 
few of the l arger ri vers ,  l i tt1 e i s  done today ( Gerki ng 1 966 ) . One of the greatest  obstac l es  to 
s u cces sful  fi s h i ng i n  some a reas i s  the  presence o f  b i oaccumul ated toxi cants i n  f i s h  t i s sue 
( e . g . ,  me rcury , DDT ) , w h i c h  has requ i red l i mi tat ions  on the amount of  f i s h  a person can safe l y  
consume ( Hynes 1 97 1 ) .  

The upper one-th i rd to one - ha l f  o f  t h i s  WRR was g l aci ated,  and most of the natural l akes occur 
i n  th i s  a rea . Because of the great numbers of peopl e l i vi ng nearby , these l a kes rece i ve con s i d
erab l e  f i s h i n g  pressure and are constan t ly  enri ched wi th anthropogen i c  nu tri ents ( Geraghty et a l  
1 973) . Some of  the  more sha 1 1 0w l akes have become overg rown w i th macrophytes ( as a resu l t of  
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eutroph i cation) to the extent that frequent anoxi c condit ions deve lop that cause many sensi tive 
organi sms to d isappear ( Gerki ng 1 966; Gerki ng 1 950 ) . Some prog ress has been made i n  al l eviating 
th i s  probl em by i ncreased sewage treatment capabi l i ti es ,  weed harvesti ng , and i n-s itu nutri ent 
i nacti vation ( Hynes 1 971 ) .  

The reg ion conta i ns several wetl ands ( parti cul arly i n  the gl aciated area ) . Marshes are most 
common , but some bogs occu r in  northern Indi ana and Ohio (Geraghty et  al . 1 973 ) .  

1 . 6  GREAT LAKES WATER RESOURCE REGION 

The dominant water resource in thi s  reg i on is the Great La kes . These vast bodies of water are 
of l ow to moderate hardness and have very l ow to moderate natural producti v i ty ( Beeton and 
Chandler  1 966) . Typi cal deepwater i nvertebrate fauna of the l akes incl ude Pontoporeia affinis 
(an amphi pod) , MYsis reliata (oppossum shrimp ) , ol i gochaetes ( l argely Limnodri Zus ) , and the 
mol l uscs Pi8idium and Sphaerium ( Beeton and Chand l er 1 966 ;  Ri cker 1 959 ) .  The shal l ow-wa ter 
benthi c  fauna i s  much l i ke that of adjacent smal l er bodi es of water of the same productivi ty ;  
the average den s i ty of organ i sms i s  roughly 1 200/m2 for Lakes Huron and Michi gan ( Beeton and 
Chandl er 1 966 ) . D iatoms domi nate the phytopl ankton , even i n  the h i ghl y eutrophi c porti ons of 
La ke Eri e ,  but Lake Erie and Lake Ontario are known to deve l op extensive bl ue-green and green 
a l ga l  popul ations al so ( Hu tchi nson 1 967 ) . Copepods are the most common zoop l ankters , fo l l owed 
by c l adocerans ( Beeton and Chandl er 1 966 ) . 

Sa l mon i ds , whi ch dominated the early sport and commerc ia l  fi sheries of the Great Lakes , sti l l  
account for most of the sport-fi sh ing enthusiasm ( Beeton and Chandler  1 966 ) . La ke trout and the 
coregoni ds (wh i tef i sh , l ake herri ng ,  chubs ) have been the most important commercial  spec ies i n  
the upper l akes , whereas s ha l l ow waters and the l ower l akes have l arge ly  produced perch and cat
fish  (Smi th 1 972) . The f i sh  fauna has changed greatl y  in the past century because of the 
fol l owing major anthropogenic factors (Smi th 1 972) : ( 1 ) i n tens i ve sel ect i ve f i sh i ng pressure , 
( 2 )  invasion by marine spec ies and successful establ i s hment of stocked species , ( 3 )  modif ication 
of the d�i nage systems enteri ng the l akes ,  and ( 4 )  progress i ve physicochemi cal change s .  Because 
of these i n fl uences , the production rates for the ol i gotrophi c ,  cold-water f ish  have fal l en ,  and 
mesotrophi c  species (e . g . , several of the percids )  are muc h more preva l ent.  Addi tiona l l y ,  
exotic species are common and , i n  many areas , consti tu te a l arge percentage of the total f ish  
standing crop (Christie 1 974 ) . Ca rp and smel t are introduced fi sh that have some commercia l  
val ue (Beeton and  Chandl er 1 966 ) .  The a l ewi fe and the sea l amprey a re species  that gained 
entrance i nto Lakes Eri e ,  Huron , Mich igan , and Superior after compl etion of the canal bypassing 
Ni agara Fal l s .  Both species are regarded as n u i sance organisms , al though some effort is  bei ng 
made to commerci a l ly harvest the a l ewi fe ( Beeton and Chandl er 1 966 ) , and control efforts have 
l argel y  el iminated sea l amprey effects (Ch ri stie et al . 1 972 ) .  Three sport fi sh  that have been 
recently i ntroduced are apparently wel l  establ i shed in the more pristi ne areas of the l akes . 
Ra i nbow trout,  coho salmon , and chinook sal mon are acti vely sought by angl ers , and the l atter 
two have been successful i n  cropping some of the a l ewi fe production i n  Lake Michigan (Stauffer 
1 976 ; Chri stie et a l . 1 972 ; Chri stie 1 974) . 

The Great Lakes have i ncurred considerabl e al teration by vi rtue of the h igh  human popul ation 
densi ty and industri a l  acti v i ty nearby . Thermal inputs are greater than those i n  nearl y any 
other regi on ,  toxi cant addi tions are very heavy l oca l l y ,  and the add i t i on of nutri ents via 
sewage and other h i gh -BOD wastes has accel erated e utroph ication cons iderab ly (Geraghty et al . 
1 973 ) . Al though Lake Superior has escaped much of the change that has occurred i n  the other 
l akes , i t  too has demonstrated b iotic changes as a resul t of man ' s  acti v i ti e s .  Interesti ngl y ,  
not al l o f  the changes can b e  eas i l y  categor i zed a s  undesi rabl e because increased eutrophicati on 
has i ncreased fish  production and ha rvests i n  some areas ( Beeton and Chandl er 1 966 ) . 

Other water bodies within th i s  reg i on i ncl ude bog l akes (much l i ke those of New Engl and ) ;  soft 
water ol i gotroph i c  l a kes ; ha rd water eutroph ic l akes ; l arge turb id  streams ; cl ear,  shal l ow trout 
streams ; and marshes ( Strahl er and Strah ler  1 976 ) .  I n  general , those l akes found in the southern 
portion of the reg ion ( southern Wi scons in , southern Michi gan , northern Indi ana , and northern 
Oh i o )  are eutrophi c ,  due to the addi ti on of muni ci pal wastes , feed l ot wastes , etc . Al though 
several of these support dense stands of macrophytes ( Swinda l e  and Curti s 1 957 )  and have engen
dered l i ttl e sport-fish ing i nterest,  many are h i ghly producti ve and heav i l y  fi shed ( Knight et al . 
1 962 ; Tanner 1 960) . The l akes i n  the northern part of the WRR are l argely und isturbed and are 
s imi l a r  to those found i n  the northeast portion of the Souri s-Red-Ra iny WRR (Tanner 1 960 ) .  Thi s  
g l aci a l ly modi fied area conta i ns numerous ol i �otrophi c  waters ( i t  has one o f  the h ighest concen
trati ons of l a kes i n  the wor ld )  ( Fassett 1 930) . As i de from the tremendous eco log ical va l ue of 
th i s  area ' s  bi oti c resou rces , the i r  major use i s  recreati on-rel ated (Johnson and Has l er 1 954 ) .  
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1 . 7  SOUR IS- -RED-RA I NY WATER RESOURCE REGION 

Th i s  WRR con ta i n s  a w ide variety of aquati c habi tats because it encompasses several  d i st inctl y 
d i ffe rent  phys iograph i c  feature s .  The eastern porti on of the reg i on con ta i n s  P recambrian bedrock 
w i th an overl ay of nutri en t-poor g l ac i a l  dri ft , and i t  rece i ves a rel ati ve l y  l arge amount of 
prec i p i tat ion . Th e surrounding  natural  vegetation i s  predomi nant ly  con i ferous forest .  I n  con
tras t ,  the western port i on of the WRR conta i n s  substrates that are much h i g her in di sso l vab l e  
mi neral s ,  i t  recei ves much l ess  prec i p i tati on , the surrounding  vegetation  i s  l arge l y  pra i r ie , 
and the dra i nage system i s  much better devel oped ( because the area has gone l onger wi thout 
g l ac iati on )  ( Patterson 1 970 ) . Con sequen tl y ,  soft wa ter l akes , bogs , and trout streams typi fy 
the eastern area , and sal i ne ,  h i gh-su l fate l a kes typ i fy the west ( Eddy 1 966 ) .  

The bog l akes and mars hes of the eas tern port ion of t h i s  WRR are very simi l ar to those descri bed 
i n  Sect ion F . l . The soft wa ter l akes of northeast  M innesota are l i kewi se  s i mi l ar to those found 
in Mai ne .  I n  general , these l akes are c ha racteri zed by smal l l i ttoral zones ( due to s teep , 
rocky s hore l ines ) , very l ow natura l  product i v i ty ,  l i ttl e macrophyte product ion , and l i ttl e 
pl ankton producti on ( Eddy 1 966 ) .  The pl ankton i s  dominated by d iatoms ( TabeZZaria, Fragi Zaria, 
and As terione lla predomi nantl y )  and copepods . Profundal bottom areas often di s p l ay l arge den s i 
ti es of  Pontoporeia affinis , whereas the l i ttora l benth i c  fauna i s  scarse .  The deeper l akes 
con tai n  col d -water f i s h  s pec i es such as l ake trou t ,  c i scoes , and whi tefi s h .  Northern pi ke , 
yel l ow perch , burbot ,  and wa l l eye are a l so found , and these are the domi nant spec i es i n  the 
sha l l ower l akes that cannot s upport a co l d-water f i s h  fauna due to l ow di ssol ved oxygen ( DO )  
val ues during the summer ( Eddy 1 966 ) .  

The southeastern porti on of  the WRR conta i n s  hard wate r ,  eutroph i c  l akes , and severa l  mars hy 
areas . Many of the l a kes di sp l ay summer anox ia  i n  the hypol imn i a ;  thu s ,  a res i s tant profundal 
benth i c  fauna of c h i ronomids  and o l i gochaetes is common ( D i n een 1 953 ) .  The l i ttoral areas of 
these l a kes are h i g h l y  devel oped ; the standi n g  crop of summer fauna is roug h l y  ten t imes that o f  
t h e  soft water l akes o f  northeast Mi nnesota ( Eddy 1 966 ) .  P l an kton are abundan t ,  wi th b l ue-green 
a l gae domi nant duri ng the summer months .  Most of the l a kes support l arge fi s h  popu l at ions 
( D i neen 1 953 ) . The l arger bod ies  of water are domi nated by wa l l eye ; the medi um- s i zed by bas s ,  
crapp i e ,  and sunfi sh ; and the sma l l er l akes by bul l head and carp . The l akes produce , o n  the 
average , 90 to 1 60 kg of fi s h  pe r hectare ( s ummer stand i ng crop ) , and some of the shal l ower ones 
have been estimated to produce greater than 400 kg of f i s h  per hectare . These est imates compare 
to an average of 35 kg of f i s h  per hectare for f i s h  standi ng crops i n  n i ne o l i gotroph i c  l a kes in  
the  extreme eas tern port ion of the  WRR ( Eddy 1 966 ) .  

The pra i rie  l akes w i t h i n  t h i s  WRR are h i g h  i n  s u l fates , carbonates , chl ori des , sod i um ,  and 
cal c i um .  The ir  sa l i n i ty is h i g h l y  variab l e .  Some are more sal i ne than ocean water ,  al though 
the i o n i c  proport ions  are usua l l y  qu i te d i fferent (W i l son 1 958 ) .  These envi ronments are usua l l y  
h i gh l y  buffered and d i spl ay pH va l ues of 8 . 4-9 . 0  ( Rei d 1 961 ) .  Brack i s h -water emergent pl ants 
are common , wi th Ruppia occ:identalis and Nais marina often predomi nating  ( Eddy 1 966 ) . The 
pl an kton is commonly a mi xture of  freshwater and bracki sh -water speci es , and the benthos i s  
typ i cal l y  domi nated by a few ch i ronomid  spec i es . Several o f  the l arger l akes are h i gh l y  pro 
ducti ve ( parti cu l arl y of rough f i sh ) . Shal l ower areas e i ther support no f i s h , because of seasona l 
freezi ng , or l arge l y  conta i n  bu l l heads .  Certa i n  aquati c  spec ies  appear to thrive i n  these 
envi ronments (Wi l son 1 958 ) .  The amph i pod Hyale lla azteea, for examp l e ,  is often found i n  abun
dance in the vegetated l i ttoral areas ( Eddy 1 966 ) . 

D i rect anthropogen i c  di sturbances are l arge ly  restri cted to the southern and wes tern porti ons of 
t h i s  WRR where mun i c i pa l  was te addi t ions  and agricul tural runoff have been l arge ly  respon s i b l e  
for b i ot i c  c hanges ( Geraghty e t  a l . 1 97 3 ) . I ncreased eutrophi cation  and pest i c i de a.ccumul at ion 
i n  aquat ic  spec i es have been documented for these areas ( Eddy 1 966 ) .  Al though the northeast  
port ion of M i n nesota has l arge ly  remai ned pri st i ne , the  preponderance of very soft waters makes 
th i s  area exceed i ng l y  suscept i b l e  to ac id  ra i n  effects and toxi c metal effects . 

1 . 8  U PPER  M I SS I SS I PP I  WATER RESOURCE REGION 

The mos t  promi nent water resource features of th i s  WRR are the M iss i ss ipp i  R i ver , several  smal l er 
ri vers , and several l a kes of  g l ac i a l  ori g i n  (parti cu l arly i n  the northern ha l f  of the reg i on ) 
( Stra h l e r  and Stra h l er 1 976 ) . Th i s  reg ion conta i ns the Mi ss i ss i pp i  Ri ver from i ts source i n  
centra l Mi nnesota to i ts confl uence wi th the Oh io  R i ver a t  the southern bo rder o f  I l l i no i s  
A l ong th i s  s tretch , the ri ver changes from a swi ft , rel ati ve l y  s ha l l ow stream to a l arge , s l ow-
mov i ng and turb i d  sys tem . The b i ota i n  the upper reaches i s  marked ly  di fferent from that down 
stream . I n  centra l Mi nnesota , the Mi s s i s s i ppi  conta i n s  an abundant and di verse bottom faun a ,  
l argel y  because of the sha l l owness of the water and the abundance of di sso l ved oxygen . Downs tream 
stretches have much l ess d i verse commun i ti es , a l though some speci e s  (e . g . , chf ronomids ) are 
l ocal l y  abundan t ( Eddy 1 966 ; Carl ander et a 1 . 1 966 ) .  The ve l oci ty of the ri vet" bel ow cent)'a l 
Mi nnesota has been further s l owed by the construction of  several i mpoundment" , These have 
created poo l ed areas that resemb l e ,  i n  many respects , medi um-hard-water 'l akes in the v -i c i n i ty 
.(Hynes , 1 972 ) .  P l an kton popu l at ions , for exampl e ,  are seasona l ly exten s i v':! i n  these areas , wi th 
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d i atoms and b l ue -green a l gae genera l l y  dominant ( Eddy 1 966 ) .  F i s h  i n  the backwater areas 
surround i ng  these poo l s are l i kewi se more l acu stri ne than ri veri ne , and centrarc h i ds are common .  
I n  contrast , the  more free-fl ow ing  downstream reaches i ncl ude a typica l  l arge-ri ver fauna of 
padd lefi sh ,  sturgeon , and species  of  Carpiodes , and the reproduc i n g  pl an kton popu l ati on i s  
re l at ive ly  scant ( Eddy 1 966 ) . 

The Mi s s i s s i pp i  recei ves l arge quanti ties  of wastes from the Twi n  C i t i es area  down (Geraghty et  
a l . 1 973 ) .  I n  terms of b i ot ic  e ffects , t he  l argest probl em has been t he  add i t ion of mun i c i pa l  
wastes t hat  have caused severe deoxygenati on i n  some areas ( Eddy 1 966 ) . The effect of the 
l owered oxygen l evel s has  been to sel ect for a more res i stant b i ota ; the mos t  consp i cuous change 
has been the greater proport ion of rou gh f i s h  that i nhab i t  the ri ver ( Hynes 1 972 ) .  Other ri vers 
i n  the a rea  have experi enced s imi l ar prob l ems , a l though in severa l the h i gh-BOD sou rce i s  paper
mi l l  wastes . Other ri vers have recei ved con s i derab l e  i nputs of heavy meta l s that have resu l ted 
in the l i m i tat ion on the amount of  f i s h  fl esh  safe l y  consumabl e per un i t  of  t ime ( Geraghty et 
a l . 1 973 ; Eddy 1 966 ) . Mi ne drai nage in parts of I l l i n o i s  has  great ly  a l tered the b i ota of 
severa l streams there . I n  severa l  areas , f i s h  have been compl ete ly  el im inated and on ly  a h i gh l y  
res i s tant fauna a n d  fl ora exi s t  ( Hynes 1 97 1 ) .  

The natura l  l a kes i n  th i s  WRR occur ma i n l y  i n  the h i gh l y  g l aci ated a reas of central -northern 
Mi nnesota and Wi scon s i n  (Patterson 1 970 ) . The l akes tend to be soft and unproduct i ve i n  the 
eastern ha l f  of th i s  area and hard and eutroph i c  to the wes t .  The soft water l akes are s i mi l ar 
to those descri bed for northeast  M innesota i n  Secti on F . 7 ,  and the hard water l a kes are essen
ti a l l y  the same as those descri bed for the southeastern port i on of the Souri s-Red-Ra i ny WRR 
( Sec . F . 7 ) . Natural  l a kes that occu r i n  the sou thern port i on of the Upper Mi s s i s s i ppi  WRR are 
genera l l y  h i gh l y  producti ve , and many conta i n  l arge wa rmwater sport fi sheries (Carl ander et al . 
1 966 ; Gunn i ng 1 966 ) . Anthropogeni c  eutrophi cat ion has  deg raded several of these l akes , howeve r ,  
a n d  m i ne dra i nage has  grea tly  affected others , a l though the hard water o f  these l a kes makes them 
somewhat res i s tant to the effects of moderate mine effl uent i n puts ( Hynes 1 97 1 ; Nati onal Academy 
of  Sci ences , National  Academy of Engi neeri ng 1 972 ; Carl ander et al . 1 966 ; Gunn i n g  1 966 ) .  

1 . 9  LOWER M I SS I SS I PP I  WATER RESOURCE REGI ON 

Large natura l  l a kes are not a promi nent feature of th i s  WRR , l arge l y  because the area has  not 
been g l ac i ated ( Stra h l er and Strah l er 1 976 ) . Several impoundments occur i n  the area , however ,  
and oxbow l akes , coastal l akes , and  sma l l ponds are common . I n  genera l , these waters are moder
ate l y  hard and h i gh l y  product i ve (Moore 1 966 )  . . Many support acti ve wa rmwa ter fi sheries [the 
regi on has 0 . 62 x 1 0 6  h a  ( 1 . 52 x 1 06 acres ) of fi s habl e fres hwater] , a l though the s ha l l ower 
ponds and l akes often su ffer from deoxygenation wi th res u l tant  frequent fi sh  k i l l s  ( Geraghty et 
a l . 1 973 ) .  Cu l tural eu troph i cati on of these waters is  a serious probl em affect ing  the b i ota ;  
the major n utri ent addi t i ons  come from fert i l i zer  runoff and mun i c i pal  wastes (Moore 1 966 ) .  A 
b i ot i c  prob l em parti cu l a rl y acute i n  the extreme southern Uni ted States and greatl y affecti ng 
th i s  reg ion  i s  the i n troducti on and success of exoti c  spec i e s ,  many of wh i ch are of  tropi ca l  
ori g i n .  T he  water hyaci nth , for  examp l e ,  has  vi rtual l y  overgrown many of the sma l l er benth i c  
envi ronments , cau s i n g  cons i derab l e  hab i tat a l terati o n .  Dense  mats of t h i s  s pec ies  cause subsur
face deoxygenati on and dense s had i ng , resu l ti ng i n  the degradat ion of the natura l  commun i ti e s  
(Moore 1 966 ) . 

Mars h  and swamp l ands are l oca l l y  abundant i n  the l ower Mi s s i ss i pp i  bas i n ,  part icu l ar ly  near the 
coasta l  mouths of ri vers ( Geraghty et a l . 1 973 ) .  Many of these have a l ternate 
freshwater-brack i sh-wa ter i nfus i on s ,  and the b i ota of  the most seaward ones i s  very euryha l i ne 
( Re i d  1 961 ) .  Despi te these s tressful  condi t i on s , these habi ta ts are h i gh l y  producti ve ;  many 
serve as i mportant nursery and spawn i n g  g rounds for coasta l marine organi sms (Macan 1 974 ) .  
Th us , the i r eco l og i ca l  i n tegri ty i s  h i gh l y  important  to the reg i on .  Some o f  the i nl and wetl ands 
are dystroph i c  and resemb l e  northern bogs in the i r  chem ica l  ma keup and l ow producti v i ty (Moore 
1 966 ) . 

Al though several l arge ri vers ex i s t  i n  t h i s  WRR , the Mi s s i s s i ppi  i s  the most conspi cuous one by 
far .  I n  many respects i ts b i ota i s  much the same here as i t  i s  i n  the l ower reaches of  the 
Upper Mi ss i s s i pp i  WRR ( Sec . F . 8 )  (Moore 1 966 ) .  Al though i ts vol ume i ncreases markedly a l on g  i ts 
l ength , ve l oci t i es a re rough l y  the same as those encoun tered i n  southern I l l i n o i s  because the 
el evational  gradi ent  from the Twi n  C i ties  to the Gul f of Mex ico i s  s l i ght  ( Stra h l er  and Strah l er .  
1 976 ) . Deoxygenation probl ems become greater a l ong i ts course , howeve r ,  due to add i ti onal 
i nputs of sewage , ferti l i zer ,  etc . S im i l arl y ,  heavy meta l and pesti c i de accumu l at ion i n  organi sms 
genera l l y  i n creases downstream (Moore 1 966 ) .  The h i gher s i l t  l oad ( l a rgel y from eros i on )  carr ied 
by the ri ver i n  i ts l ower reaches i nh i b i ts p l ankton production i n  some of the impounded areas , 
but a greater  proportion  of productive backwater areas makes up  for th i s  l oss . Fi sh  are l ocal l y  
abundant , espec i a l l y  near backwa ter area s ,  a n d  sport f i s h i ng i s  common (Moore 1 966 ) .  
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1 . 1 0  TEXAS-GULF ,  RIO GRANDE , AND LOWER COLORADO WATER RESOURCE REGIONS 

The southwes tern porti on of  the Uni ted States contains  a variety of l imno log i cal features , but 
few of them have been studi ed extens i vely (Co le  1 966 ) .  The eastern portion of the area composed 
of these thr�e water resource regi ons  i s  characteri zed by re l atively h i gh rainfa l l  and l ow 
evaporation ; i n  general , the ari d i ty i ncreases westward as do water hardness and total di sso l ved 
sol i ds ( Strah ler and Strahler  1 976) . In eas tern Texas , bog remnants occur that are simi l ar in  
severa l  respects to  the i r  northern counterparts . Mounta i nous areas wi thin  these reg ions  l i kewise  
contai n  occas ional bogs where rainfa l l  i s  sufficient  and dra i nage i s  impeded ( Col e 1 966 ) .  

Reservoi rs are a conspi cuous aquatic resource i n  these regi ons . Most  have h ig h ly  vari abl e  
p hysi cochemi cal condi tions , because of the variabi l i t¥ o f  preci p i tation . In general , they are 
warm ,  monomictic water bodies wi th rel atively high  Na , Cl - , S042- , and Ca2+ l evel s  (Harri s and 
Si l bey 1 940) . The p l ankton i s  general ly scan t ,  al though d inofl agel l ate or b l ue-green al gal 
bl ooms sometimes occur i n  l ate summer.  Da�hnia i s  usua l ly the most  common cl adoceran , and warm
water fi sh ( e . g . , centrarchids , s had , carp ) are preva l ent .  Trout are frequently found i n  tai l 
race waters . Macrophyte s are poorly devel oped , l argel y  because of the fl uctuat ing water l evel s ,  
and benthic s tanding crops general l y  contain  l ess  than 1 00 organ i sms per square meter (Co le  1 966 ) . 

Na tural l akes i n  these reg ions are rel ati vely scarce ( Strahl er and Strahler  1 976) . Sol uti on 
bas i ns ( l argely i n  gypsum depos i ts )  sometimes contai n  water and often harbor l arge popul ati ons 
of a few speci es . Parti cul arly common are HyaZe Z Za azteca and margi nal  stands of Potamogeton 
( Co le  1 966 ) .  Severa l mountai n  l akes exi s t ;  these are general l y  dimictic and re l ative ly  unpro
ductive . However ,  many conta i n  s i zabl e trout popu l ations and d i verse invertebrate assembl ages 
( Juday 1 907) . Vol can i c  l akes occur on the Col orado Pl ateau that contain a di verse biota ,  
i ncl ud ing cons i derab l e macrophyte devel opment (Co le  1 966 ) . Pl ayas and other ephemeral l akes are 
common in certain  areas and contain a speci al i zed bi ota h i gh ly  res i s tant to des s i cati on . Al gae 
and zoop lankton are seasonal ly numerous in these , as are some aquatic i nsect l arvae (Macan 1 974; 
Rei d  1 961 ) .  

Spri ngs occur throughout these reg i ons . Most are very h igh i n  d i s sol ved sol i ds and contai n  
l i ttl e p l ankton ( due t o  the f low rates ) .  Mats of fi l amentous green al gae are common , however ,  
and ostracods , snai l s ,  and f l y  l arvae are preval ent .  Many of  these spri ngs conta in a h i gh ly  
endemi c fauna ; several of the i r  fi s h ,  i n  parti cul ar ,  are on  endangered species  l i sts ( Co le  1 966) . 

Several l arge ri vers occur i n  these water resource reg ions . Those i n  eastern Texas are the 
l owest  in di s sol ved sol i ds and are more typi cal of r ivers in Lou i s i ana than of those farther 
west  (Cole 1 966) . Coastal bays , estuari es , and swamps in Texas are al so much l i ke those in the 
Lower Mi s s i s s i ppi  WRR. The r ivers in the more arid areas of the Southwest contai n  h i g h  
di ssol ved sol ids l evel s and h i gh turbi di ti e s .  Benthi c  organ i sms are l a rgely res tri cted to 
peri pheral areas where scouring i s  not excess i ve ;  mos t  f ish  spawn i ng and pl ankton producti on 
al so occur i n  these areas . The sport fi shery of these ri vers i s  substanti al  and i s  dominated by 
warmwater species , except i n  tai l race areas and mountai nous tri butaries (Mi nck l ey 1 973 ) . 

Extens i ve i rrigation canal s occur i n  the Southwest.  Mos t  di tches that return water from the 
f ie lds have i ncreased sal i n i ti es from evaporation and so i l  sal t sol ubi l i zation ( Strahl er and 
Strahl er 1 976 ) . Al though these can support a dive rse freshwater b iota ,  i ncl uding a producti ve 
warmwater fi shery ,  some of the more sa l i ne di tches deve l op substantial  popul ati ons of euryha l i ne 
al gae and other bracki sh-water s pecies ( Re id  1 96 1 ; Minckley 1 973 ) .  

Anthropogen i c  (man-made ) di sturbances have greatl y a l tered the aquati c hab i tats of thi s  regi on . 
Eutrophication of surface waters from fert i l i zer and feedlot runoff has been acute (Geraghty et 
al . 1 973 ) .  Sa l i n i ty i ncreases caused by agricul tural operations have modi fied b ioti c commun i ties , 
and pesticide add i ti ons have caused bi oaccumul ation probl ems and di rect toxici ties ( Co le  1 966 ) . 
Probably the greatest impact on bi ota has resul ted from the extens i ve damming of the r ivers , 
causing  al tered fl ow characteristics  that favor species preferri ng s l ower vel oci ties . As a 
resul t ,  several endemi c species  i nhabi ti ng these ri vers have experienced dec l i n i ng popul ations 
(Mi nck l ey 1 973 ) .  Numerous exoti c species have been i ntroduced i n to waters in the Southwest ,  
many of which have become wel l establ i s hed,  at  the expense of the indi genous b iota (Mi nckl ey 1 973 ) .  

1 . 1 1  ARKANSAS-WH ITE-RED WATER RESOURCE REGION 

Al though few natural l akes exi s t  in thi s reg ion ,  it contains  a di vers i ty of aquatic habi tats . 
As i n  those regi ons descri bed i n  Secti on F . 1 0 , ari d i ty ,  hardness , tota l  di s sol ved sol i ds ,  and 
turb i d i ty genera l ly  i ncrease to the west .  

The eastern portion o f  the reg ion contains  the Ozark h ighl ands where numerous smal l s treams 
exi s t  that arise from the upl ands as runoff or artes ian spring di scharge (Carl ander et al . 1 966 ) . 
These are typica l l y  cl ear ,  cool , and rel atively swi ft and conta i n  bi ota simi l ar to that found in  
more northern trout streams ( Hynes 1 972) .  



1 -8 

The streams to the west that d ra i n  the pra l rl e  a reas are markedl y  di fferen t .  These are character
i zed by h i g h  turb i d i ties , h i gh l y  fl uctua t i ng fl ows , sandy bottoms , and a pauci ty of bi ota 
(Carl ander et al . 1 966 ) . Severa l  fl ow on ly  w ith i n  the sand streambed duri ng the l ow water 
month s , thus  caus i n g  f i s h  and other nonburrow i ng fauna to be stranded i n  the occa s i onal pool s 
that pers i s t  i n  ri verbed depressions . As a resu l t ,  there has  been sel ect i ve pressure for those 
organi sms ab l e to wi thstand peri odic  c rowd i ng and l ow oxygen l evel s ( Carl ander et al . 1 9 66 ) .  
Even so , numerous fi sh  d ie  each year i n  these pool s ,  and v i rtua l l y  no sport fi shery exi sts i n  
those ri vers subject to extreme seasonal drawdown.  Because of the unstabl e substrate , few 
benthi c  organi sms exi s t .  The h i gh turb i d i t i es l im it  the devel opment of primary producers , 
al though d i a toms become abundant i n  the wet sand during drawdown (Carl ander et a l . 1 966 ) . 

Most of  the l a rger ri vers of the reg ion ori g i nate i n  the mounta i ns to the wes t  and have somewhat 
more s tabl e fl ow reg imes ( Stra h l er and Strah l er 1 976 ) .  Many of these are now heav i l y  impounded 
and regu l ated ( Geraghty et a l . 1 973 ) . Neverthel ess , substan ti a l  reservoi r  l evel variat ions  a re 
commo n .  These vari ati ons have l imi ted the abi l i ty of macrophytes to establ i s h  themsel ves i n  
such l akes and have hampered the s pawn i ng success  of s ha l l ow-water nest bu i l ders , such ' a s  
centra rc h i ds ( Carl ander e t  a l . 1 966 ) . The new reservoi rs nonethel es s  tend t o  be h i gh l y  producti ve 
and prov i de a good warmwater fi s hery for the fi rst few years of the i r exi stence (Macan 1 974 ; 
Patri arche and Campbel l 1 958 ) .  After f ive years o r  so , h oweve r ,  several spec ies  tend t o  become 
overabundant ,  the growth rates s l ow ,  and fi s h i ng success drops off un l es s  stringent management 
efforts are ma inta i ned . 

Al though a few natural l akes exist  i n  the reg i on ,  numerous farm ponds have been constructe d ,  
parti cul arly i n  Ok l a homa . These ponds tend t o  be very eutroph i c  a n d  often harbor l a rge a l gal 
stand ing  crops , i nc l uding  toxi c  b l ue-greens .  Bas s , b l ueg i l l , and bul l heads are often abundant 
i n  these ponds , a l though wi nter deoxygenation with resu l tant f i s h  ki l l s  i s  common (Carl ander et 
al . 1 966 ) . 

S i l t  pol l ut i on i s  perhaps the greatest prob l em affecting  the aquat i c  b io ta i n  th i s  reg i on .  
Al though  s i l t  add i t i on s  to waterways occur a s  a natura l  phenomenon i n  waters that dra i n  the fi ne 
pra i ri e  so i l s ,  agr icul ture and construction have greatly exacerbated the condi ti on ( Geraghty et 
a l . 1 973 ; Carl ander et a l . 1 966 ) . The mai n  effects a re decreased photosynthes i s  and product ion 
by the prima ry p roducers (wi th effects on the enti re food cha i n ) , g i l l  c l ogging  of f i s he s ,  
smotheri ng of  benth i c  organ i sms , and decreased feeding  and reproducti ve abi l i ty for severa l o f  
the f i s h  s pecies  ( Hynes 1 971 ; Hynes 1 972 ) .  Ferti l i zer  runoff ha s con tri buted to eutroph icati on 
probl ems , parti cul ar ly  i n  the reservo i rs and sma l l ponds , and pest i c i de addi t ion s  have caused 
excess i ve accumul ations  in s ome ri verine f i s h  (Carl ander et  a l . 1 966 ) .  Heavy use of the r iver  
waters for i rrigation  i n  the  western portion of  t h i s  reg i on has caused i ncreased d i s so l ved 
sol ids  concentrati on s ,  w h i ch i n  some cases have changed the na tura l b i ota to a more euryha l i ne 
assemb l a ge (Sec . F . 1 0 ) (Minck l ey 1 973 ) . 

I . 1 2  MI SSOURI  BAS IN  WATER RESOURCE REGION 

Al though t h i s  reg i on i s  the l argest i n  the ' country, i t  con ta i n s  comparat ive l y  few natura l  l akes .  
R i vers , h owever ,  a re a consp icuous aquati c  resource , and most o f  the Mi s souri  Ri ver  i s  conta i ned 
w i th i n  t h i s WRR. 

The headwaters of  the Mi ssouri R i ver in the mounta i n s  of Montana are qui te di fferent i n  charac
ter than the downstream waters . Near i ts ori g i n  the ri ver fl ows over a substrate of rock and 
gravel and a typi ca l  trout s tream b i ota exists  ( Hynes 1 972 ) .  However, most of the ri ver l i es 
w i t h i n  the Great P l a i n s  and Central Lowl and provinces where the water is  s i l t-l aden , the s ubs trate 
con s i sts of soft sediments , and the b iota i s  impoveri s hed ( U . S .  Nucl ear Regu l atory Comm i s s i on 
1 977 )  . 

The r i ver  has  been g reatl y a l tered by human act i v i ty .  Channel i zation  and dammi ng , for examp l e ,  
have great ly  reduced the average surface a rea and have created stronger cu rrents (wi th  resu l tant 
bottom scour )  and greater s i l ta ti on and turb i d i ty than exi sted a century ago ( U . S .  Nucl ear 
Regu l atory Commi s s i on 1 977 ) . Al though the water i s  moderate ly  hard to hard and nutri ent l evel s  
are genera l l y  h i g h , the ri ver i s  rel atively unproduct i ve ,  l arge l y  because o f  the l ack  of favor
ab l e hab i tats ( U . S .  Nuc l ea r  Reg u l atory Commi s s i on 1 977 ) .  The ph�topl an kton is domi nated by 
d i a toms and greens ;  average den s i t i es are on the order of  1 07-1 0 cel l s  per cubic  meter .  The 
devel opment of  greater dens i ti es i s  impeded by swi ft fl ows and h i gh turb i d i ties , and many of the 
organi sms l i ke ly  represent was hout form upstream reservo i rs .  Copepods and roti fers dominate the 
zoop lankton , but total numbers a re l ow .  The macro i nvertebrates i n  the dri ft and i n  benth ic  
areas primar i ly  con s i s t  of cadd i s  f ly  l a rvae ,  mayfl y l arvae , and  midgefl y l a rvae ( U . S .  Nucl ear 
Reg u l a tory Commi ss i on 1 977 ) . Channel catfi s h ,  buffa l o fi s h ,  and carp a re active l y  Hshed 
commerc i a l l y .  The most abundant  f i s h  s pec ies  present inc l ude carp , freshwater drum , gri zzard 
s had , ri ver  carpsucker ,  shortnose  gar ,  paddl efi s h , crappi es . and s h i ners ( U . S .  N uc l ear' Regul atory 
Commi s s i on 1 977 ) . ' .  
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Many of the same organ i sms exi st i n  the impounded areas of the ri ver , but the current vel oci ties 
and turbidi ties are l ower , thus permi tting the devel opment of a more b io log ical ly  producti ve 
system ( Hynes 1 972 ) . Li kewi se ,  peri pheral areas in the se reservoi rs provi de some spawning 
habi tat for other warmwater fi shes , such as centrarchi ds .  I n  areas where nutrient i nputs are 
l arge , s ubstantial  bl ue-green al gal bl ooms can devel op ( Pennak 1 949 ) . 

The smal ler  pra i ri e  streams within  th is  WRR are s imi l ar to those i n  the Arkansas-Whi te-Red WRR 
( Sec . F . l l )  and the smal l pra i ri e  l akes are l i ke those i n  the Souri s-Red-Ra i ny WRR ( Sec.  F . 7 ) .  

The extreme western portion o f  thi s reg i on contains  h igh  al ti tude areas wi th mounta i n  streams 
and l akes . These are descri bed i n  Secti ons  F . 1 0  and F . 1 3 . 

I n  addi tion to stream al teration v ia  daming and channel i zation , major anthropogenic  d i sturbances 
that have d isrupted the natural b iota in th i s  region i nc l ude s i l tation , pesti c i de and ferti l i zer 
i nputs from agricul tural operati ons , and mun i c i pal  waste addi tions . I n  stati c ,  nonturbid  water,  
excess i ve eutrophicati on effects are comon , because of high  nutrient i nputs ( Carl ander et al . 
1 966 ) .  Several pol l uted farm ponds and natural waters have been respons i bl e  for the deaths of 
wi l d l i fe and l i vestock when bl ooms of toxic bl ue-green al gae devel oped ( Hynes 1 971 ) .  Mi ne 
drai nage effects ( parti cul arly from coal stri p mi n ing )  occur and are severe in some area s ;  
however ,  the ari d ity o f  the areas i n  which mining takes p lace l i mi ts runoff (Hynes 1 972 ; 
Carl ander et al . 1 966 ) .  

1 . 1 3  UPPER COLORADO , GREAT BAS I N ,  AND CAL I FORN IA WATER RESOURCE REGIONS 

These water resource reg ions  are treated together in th i s  section because they share many of the 
same hab i tat types .  Prominent phys iograph ic  features that l argely determi ne the occurrence of 
particul ar habi tats in thi s area incl ude mounta ins ,  pl ateaus , and l ow ,  ari d bas i n s .  

Mounta inous areas within  these reg ions contai n  hundreds o f  smal l natural l a kes .  Many of these 
have a constant f l ow of water through them whereas others l ack any permanent outfl ow . The 
former types general ly di spl ay very l ow product iv ities , but the l atter ones are frequently 
moderate ly producti ve ,  because of the bu i l dup of nutri ents that gradua l l y  occurs in the cl osed 
bas i n s  (Juday 1 907 ) . Those l akes found at the h i ghest al ti tudes are des i gnated al p ine l akes ; 
they usual ly occur i n  rock and gravel bas i n s  and have h i g h  i nflow and outf low rates . The b i ota 
of these l akes i s  typi cal l y  depauperate because of the combi nation of a number of stresses 
imposed on the system , that i s ,  l ong peri ods of time wi th i ce cover, the add i ti on of gl acial  
"mi l k , " and l ow temperatures (Pennak 1 966 ) .  The phytopl ankton dens iti es are corrmonly l ess  than 
1 00 ,000 per l i te r ,  and the benthos genera l l y  cons i sts of a sparse assembl age of di pteran l arvae 
and l i ttle e l s e .  Fi sh are often absent from these l akes , but endemic  copepod speci es are common 
( Pennak 1 966 ) . 

Montane l a kes occur at l ower a l ti tudes and are general ly  more ferti l e .  The benthos i s  often 
very di verse , and rooted aquati c p l ants are comon . Bl ue-green al gal bl ooms and summer bottom 
oxygen dep l etion occur in the more eutrophic  l akes . These water bod i es are commonly found i n 
spruce-fir forests or al pi ne meadows ( Pennak 1 966) . 

Few l akes occur i n  the foothi l l s  reg ion of the mounta i n s ,  but many of the l arger streams have 
been dammed to create reservo i rs .  I n  general , these impoundments resembl e  those descri bed i n  
Secti on F . 1 0  (Pennak 1 949 ) . 

The more arid porti ons of these water resource reg ions conta i n  numerous sal i ne l akes and p layas . 
The sal i ne l akes l ac k  a diverse biota but typ i cal ly conta i n  l arge standing crops of a few 
spec ies . Parti cul arly common are the brine s hrimp (Artemia saZina) and the al gae Stiehoeoeeus 
baeiZZaris and DunaZie ZZa s p .  (Edmonson 1 966 ) .  The Sal ton Sea , a l arge sal i ne l ake that recei ves 
cons i derab le  ferti l i zer runoff , period ical ly conta i n s  l arge densi ties  of d iatoms and d i nofl agel 
l ates , as wel l  as an assembl age of roti fers , copepods , and a few mari ne species . The benth ic  
i nvertebrates of  these l akes are l arge ly restri cted to a few speci es of di pteran l arvae ( Edmonson 
1 966 ) . 

The ri vers that occur i n  the more arid porti ons of thi s area are s imi l ar to those descri bed i n  
Section F. 1 0 . Many of the smal l er s treams are ephemeral and do not support a stabl e b i ota 
( Edmonson 1 966 ) .  

Increased s i l tation and turb id ity i n  surface waters caused by l and di sturbances are major 
probl ems in th i s  area . Another factor that has contri buted greatly to habi tat al teration and 
destruction i s  the extens i ve channel i zati on and impounding that have occurred (M inckl ey 1 973 ; 
Edmonson 1 966) . Parts of the area have experi enced extreme eutrophi cation from ferti l i zer 
runoff , and b i otic  accumu l ation and/or direct toxic  effects of pest ic ides are persi stent probl ems 
in agri cul tural regi ons (Edmonson 1 966 ) .  
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1 . 1 4 PAC I F I C  NORTHWEST WATER RESOURCE REG ION 

Th i s  WRR conta i n s  many of the same habi tats descri bed in Secti on F . 1 3 . Much of the area i s  
mounta i nous , and a great port ion o f  i t  i s  ari d .  The greatest phys i ographi c  d i fference between 
th i s  a rea and the preceding  reg i on i s  the occurrence of l ower average temperatures . 

The u p l and areas i n  the Paci fi c Northwest conta i n  mountai n  l akes and s treams s imi l ar to those 
prev ious ly  descr ibed .  L i kew i s e ,  s a l ine  l akes and p l ayas much l i ke those i n  adjacent water 
resource reg ions  occur i n  the more arid  a reas ( Edmonson 1 966 ) . 

Before be ing  exten s i ve l y  impounded , the princi pal  ri vers i n  the regi on ( e . g . , the Snake and 
Col umb i a  r i vers ) h ad characteri sti cs simi l ar to those of the upper Col orado R i ver.  That i s ,  
currents were swi ft , and water l eve l s  fl uctuated g reatl y .  I n  the i r  ori g i n a l  sta te , these ri vers 
conta i ned few phytop l an kton or peri phyton , had l im ited popu l ations  of benthi c i n vertebrates 
(except i n  the headwaters ) ,  and conta i ned  l a rge seasonal popu l ati ons  of sa l mon . Impounding  has 
greatl y sta b i l i zed f l ows and has s i gn i fi cantly  a l tered the b i ota .  Den se p l ankton popu l at ions  
now deve l op in  certa i n  portions  of the  ri vers , and  the  bottom fauna i s  ri ch and  dense ( in  severa l 
pl aces s tand i ng crops a re greater  than 2500 orga n i sms per square mete r ) . A fi shery has devel oped 
that i s  more typ i ca l  of warm , stat ic  waters than cool ri verine areas , and the sa lmon s pawn i ng 
runs  h ave been g reatly i mpeded by the dams ( Edmonson 1 966 ) . 

I n  the coastal areas the preci pi tati on i s  con s i derab ly  g reater than i n  the i nter ior  reg i on s  and 
a few soft , o l i gotroph i c  l akes occur ( Edmonson 1 966 ) .  Estuari es i n  th i s  WRR ( and a l ong the 
Cal i fornia  coast)  serve as important spawn i ng and nursery areas for many marine organ i sms . 
However ,  because of l ow temperatures and fewer coastal marshes , Paci fi c coast  es tuaries  are much 
l es s  p roducti ve than those empty i n g  i n to the Gu l f  of Mex ico  ( Rei d 1 961 ) .  

Major man-i nduced changes that have a l tered the bi ota i n  th i s  WRR i ncl ude channe l i zat ion and 
i mpoundi ng of  many of  the ri vers ; the add i t i on of  agri cul tural runoff that has contributed 
pesti c i des , nutri ents , and sa l ts ;  and mun i c i pa l  wa ste di sc harges tha t have exacerbated eutroph i 
cati on ( Edmonson 1 966 ) .  Some areas that were prev ious l y  severe l y  affected have been at l east 
parti a l l y  restored . Lake Was h i n gton , for exampl e ,  has experi enced a s l owing  in  the rate of 
eutroph i cat i on by extens i ve l ake renewal and waste di vers i on efforts ( Edmonson 1 966 ) .  
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APPEN D I X  J .  ENDANGERED AND THREATENED  TERRESTR IAL AND AQUATI C  B I OTA 

Ta b l e  J . l . Federal l y  Des i g na ted Endangered and Threa tened Terres tri a l  
Fl ora a nd Fauna o f  the Contermi nous Uni ted States 

Speci es 

Indi ana bat ,  Myo tis soda lis ( E ) 

I nd i ana ba t ,  Myo tis soda lis ( C H )  

Eastern cougar ,  Felis eoncolor 
eougar ( E )  

Col umbian  wh i te-ta i l ed deer , 
Odoeoi leus virginianus 
leueurus ( E )  

Key deer ,  Odoeoi leus virginianus 
e laviwn ( E )  

Bl ack-footed ferret ,  Muste la 
nigripes ( E )  

San Joaqu i n  k i t  fox , Vu lpes maerotis 
mutiea ( E )  

Sal t-marsh harvest mouse ,  
Reithrodontomys raviventris ( E )  

F l orida panther , Felis eoncolor 
eoryi ( E )  

Utah prai r i e  dog , Cyonmys parvidens ( E )  

Sonoran prong horn , Anti loeapra amerieana 
sonoriensis ( E )  

Morro Bay kangaroo rat ,  Dipodomys heermanni 
morroensis ( E , CH )  

Del marva Pen i ns u l a  fox squi rrel , 
Seiurus niger einereus ( E ) 

Gray wol f ,  eanis lupus ( E )  

Gray wol f ,  Canis lupus ( T , C H )  

Red wol f ,  Canis rufus ( E )  

Mas ked bobwh i te ,  Co linus virginianus 
ridgewayi ( E )  

Ca l i forn i a  condo r ,  Gymnogyps ealifornianus 
( E )  

D i s tr i bution  

Mammal s 

Eas tern and 
Midwes tern 
Uni ted States 

I L ,  I N ,  KY , MO , 
TN ,WV 

Eas tern Uni ted 
Sta tes 

CR , WA 

FL 

MT , ND , SD , WY ,  
CO , NM , OK ,  NB , 
KS 

CA 

CA 

FL 

UT 

AZ 

CA 

MD 

AZ , I D , M I  ,MT , NM 
ND , OR , W I , WY ,  
TX ,WA 

MN 

TX , LA 

Bi rds 

AZ , NM 

CA 

J -l 

Demand 
Reg ion  

I , I l , I l I , IV 
V ,  VI , V I I  

I I I  , IV  , V , V I I  

I , I l , I I I , I V ,  
V ,V I  

Commonly Assoc i a ted 
P lant  Commu n i t i es 

Deci duous forest 

Dec i duous forest 

Swamps ,  fores tl and , 
rugged mountai n  
areas 

X Dense forest ,  
bru s hy areas 

IV Tropica l  hardwood 
hammocks 

V I , V I I ,V I I I  S hort- , m idgrass 
pra i r i e  

I X  Arid desert areas 

IX Coasta l sa l t-marsh 
areas 

I V  Swamps , fores t lands 

V I I I  S hort-grass  pra i r i e  

I X  Pra i ri e ,  sagebru s h  
p l a i ns 

I X  Sagebrush  

I I I  Dec i duous forest  

V ,V I , V I I I , X Wi l derness forest ,  
tundra 

V Wi l derness fores t ,  
tundra 

V I  Brushy and fores ted 
areas 

V I ,  IX 

I X  

Grass l ands , s hrubs 

Cl i ffs , mounta i n  
areas 



J-2  

Ta bl e J . l . ( conti nued )  

Spec i es 

�li s s i s s i pp i  sandh i l l  crane, Grus canadensis 
pu l la ( E  , CH )  

Whoopi ng crane,  Grus americana ( E , CH )  

Es k imo curl ew, Numenius borea lis ( E )  

Ba l d  eag l e ,  Ha liaeetus leucocepha lus ( E )  

Ba l d  eag l e ,  Ha liaee tus leucocepha lus ( T )  

American " pereg ri ne fa l con ,  Fa lco peregrinus 
ana-tum ( E )  

Arct ic  peregri ne fa l co n ,  Fa lco peregrinus 
tundrius ( E )  

Al eutian Ca nada goose,  Branta canadensis 
leucopareia ( E )  

F l or ida Everg l ade k i te ,  Rosthrhamus sociabi lis 
p lumbeus ( E , CH )  

Thi ck-b i l l ed parrot, Phynehopsi tta pachyrhyneha 
( E )  

Attwater ' s  grea ter pra i r ie  ch ic ken ,  Tympanuchus 
cupido a ttwateri ( E )  

Ca l i forn i a  c l apper ra i l , Ra l lus longiros tris 
obso le tus ( E )  

Yuma c l a pper ra i l ,  Ra l lus longirostris 
yumanensis ( E )  

Sa n Cl emente l oggerhead s hr i ke ,  Lanius 
ludovicianus mearnsi ( E )  

Cape sabl e sparrow , Ammospiza mirabilis ( E , C H )  

Du s ky seas i de sparrow, Ammospiza nigrescens 
( E , CH ) 

Sa n Cl emente sage sparrow, Amphispiza b e l li 
c lementae ( T )  

Santa Barbara song sparrow, Meolspira melodia 
graminis ( E )  

Ca l i forn i a  l east  ter n ,  Sterna a lbifrons browni 
( E )  

Bachman ' s  warb l er ,  Vermivora bachmanii ( E )  

Ki rtl and ' s  warb l er ,  Dendroica kirt landii ( E )  

American i vory- bi l l ed woodpec ker , Campehilus 
p. principa lis ( E )  

Red-cockaded woodpec ker , Dendrocopos borea lis 
( E )  

D i s tri bution  

B irds 

MS 

TX , I D ,  N�l , OK ,  
KS ,NB ,CO 

TX , NJ , SC 

48 contermi nous 
Uni ted Sta tes 
( except bel ow)  

WA , OR ,MN , W I  
�1 1 

Wes tern Uni ted 
Sta tes 

Eas tern and 
Centra 1 Uni ted 
States 

CA ,OR ,WA 

FL 

AZ , NM 

TX 

CA 

AZ ,CA 

CA 

FL 

FL 

CA 

CA 

CA 

VA , SC , AL , MQ , 
AR , KY , FL 

M I  

TX , Sou theas tern 
and South 
Centra 1 Un i ted 
States 

OK ,AR , KY ,VA , 
TX , LA , MS ,AL , GA ,  
NC , SC , TN , FL 

Demand 
Reg i on 

IV 

VI  , V I I ,  
V I I I , X 

I I , IV , V I  

V , X 

V I I I , I X , X  

I , I I , I I I ,  
IV ,V  , V I , 
V I I 

I X , X  

IV 

V I ,  I X  

V I  

I X  

I X  

I X  

I V  

I V  

I X  

I X  

I X  

I I I , I V , V I , 
V I I I  

V 

IV , V ,V I ,  
V I I I  

I V , V I , I I I  

Commonly  Assoc iated 
Pl ant Commun i ti es 

F i el d s ,  marshes , 
open p i nel ands 

Fres hwater bog s ,  
coasts , pra i r ies 

Gras s l ands , eastern 
mars hes 

Fores tl ands , 
s hores , etc . 

Forestl ands , 
s hores , etc . 

Coas ts , mounta i ns ,  
woods 

Forestl ands and 
tundra 

Mars h area 

Freshwater marsh  
areas 

Coni ferous forest 

M id- and tal l -grass 
pra i r i es 

Coastal sal t-water 
ma rs hes 

Coastal  sa l t-water 
mars hes 

Shru b  commu n i ty 

Brac k i s h  mars hes 

S hort-gra ss  tidal  
mars hes 

Sage-scrub commu n i ty 

Coastal sage 
commu n i ty 

Coastal beaches 

Dec i duous forest 

Tracts of jackp i ne ,  
deep forests 

Sou theas tern 
dec i duous fores ts 

Southeastern p i ne 
forests 
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Ta bl e J . l .  (conti nued )  

Spec i es D i s tri bution 

Repti l es 

American a l l i gato r ,  A l ligator 
mississippiensis ( E )  

American a l l i gator ,  A l ligator 
mississippiensis ( T )  

Ameri can  crocod i l e , Crocodylus acutus ( E )  

Bl unt-nosed l eopard l i zard ,  Crotaphytus 
sUus ( E ) 

I s l and n i g h t  l i zard ,  Klauberina riversiania ( T )  

Atl ant ic  sal t ma rs h sna ke ,  Nerodia fasciata 
taeniata ( T )  

. 

Ea stern i nd igo  s nake ,  Drymarchon corais 
couperi ( T )  

S a n  Franci sco garter sna ke , Thamnophis sirta lis 
tetrataenia ( E )  

Southeas tern 
Uni ted States 
( except bel ow ) 

FL , certa i n  areas 
of CA , LA , SC ,TX 

FL 

CA 

CA 

FL 

FL , GA , MS ,SC , 
AL 

CA 

Amphi b i ans 

P i ne barrens tree frog , Hy la andersonii ( E , CH )  

Desert s l ender sal amander , Batrachoseps aridus 

FL 

CA 
( E )  

Red h i l l s  sa l amander ,  Phaeognathus hubrichti ( T )  

Santa Cru z l ong-toed sal amander , Ambystoma 
macrodactylum croceum ( E )  

Texas b l i nd sa l amander , Typhlomo lge rathbuni ( E )  

Houston  toad ,  Bufo houstonensis ( E , CH )  

Insects 

Bahama swa l l owta i l  butterfl y ,  Papi lio andraemon 
bonhotei ( T )  

E l  Segundo b l ue butterfl y ,  Shijimiaeoides 
battoidos si lyni ( E )  

Lange ' s  meta l mark bu tterf ly ,  Apodemia moro 
langei ( E )  

Lot is  bl ue bu tterfl y ,  Lycaeides argyrognomon 
lotis ( E )  

M i s s i o n  b l ue butterfl y ,  Icaricia icarioides 
missionensis ( E )  

San Bruno e l f i n  bu tterf ly ,  Cal lophrys mossii 
bayensis ( E )  

Schaus swa l l owta i l  bu tterf ly ,  Papi lio 
aristodemus ponocanus ( T )  

Smi th ' s  b l ue butterfly , Shijimiaeoides enoptes 
smithi ( E )  

AL 

CA 

TX 

TX 

FL 

CA 

CA 

CA 

CA 

CA 

FL 

CA 

Demand 
Reg i on 

IV , V I  

IV , V I  

I V  

I X  

I X  

IV  

IV  

IX  

IV  

I X  

I V  

I X  

V I  

V I  

I V  

I X  

I X  

I X  

I X  

I X  

I V  

I X  

Commonly Assoc i a ted 
Pl ant Communi ti es 

Great ri ver swampy 
bayous ,  mars hes 

Grea t ri ver swamps , 
bayous , marshes 

Sal t or brac k i s h  
waters 

Arid  and semi -ar id  
pl a i ns 

Gras s l ands , rocky 
beaches 

Gul f coastal sa l t 
beaches 

Unsettl ed areas of 
dense vegetation  

Ponds , marshes , 
woods 

Swamps , bogs 

Desert pl a i ns 

Cool , mo i st ,  
forested rav i ne 

Coastal chaparral 

Cave waters 

Gu I f  coas ta 1 
pra i r i es 

Hardwood hammock 
commu n i ty 

Coastal s tand 
commun i ty 

Woody shrubs around 
sand dune commun i ty 

Stagnant bogs 

Coastal  sage-scrub 
commun i ty 

Coastal  sage-scrub 
commu n i ty 

Hardwood hemmock 
commun i ty 

Coastal sand �unes , 
rocky coastal bl uffs 
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Ta bl e J . l .  (conti nued ) 

Spec i es D i str i bution 

Land Sna i l  s 

Chi ttenango ovate amber s na i l , Succinea 
chittenangoensis New York ( T ) 

Fl at-spired three-toothed sna i l , Triodopsis 
p latysayoides ( T ) 

NY 

WV 

Iowa Pl e i stocene sna i l , Discus macc lintocki ( E ) IA 

Noonday sna i l , Mesodon c larki nanthahala ( T ) 

Pa inted snake co i l ed forest snai l ,  Anguispira 
picta ( T ) 

Stoc k I s l and tree snai l ,  Ortha licus reses ( T ) 
V irg i n ia  fri nged mounta i n  sna i l , Po lygyriscus 

virginianus ( E ) 

V i rg i n i a  round-l eaf b i rc h ,  Betula uber ( E ) 

San Cl emente broom , Lotus scoparius ( E ) 

San Cl emente I s l and bushma l l ow ,  Malacothamnus 
e lementinus ( E ) 

Antioch Dunes even i ng-pr i mro se ,  Oenothera 
de l toides ( E ) 

Eureka even i ng -primrose , Oenothera avi ta  ( E ) 

Eureka dune gra s s ,  Swa l lenia a lexandrae ( E ) 

San Cl emente I sl and i nd i an pai ntbru s h ,  
Castil leja grisya ( E ) 

San Cl emente I s l and l arkspur,  De lphinium 
kinkiense ( E ) 

Santa Barbara I s l and l i veforever , Dudleya 
traskiae ( E ) 

Furb i s h  l ou sewort ,  Pedicu laris furbishiae ( E ) 

Rydberg m i l k-vetch ,  Astraga lus perianus (T ) 

Northern wi l d  mon kshood , Aconitum 
noveboracense (T ) 

NC 

TN 

FL 

VA 

Pl ants 

VA 

CA 

CA 

CA 

CA 

CA 

CA 

CA 

CA 

ME 

UT 

IA ,NY ,OH , WI 

Dema nd 
Reg i on 

I I  

I I I  

V I I  

I V  

I V  

I V  

I I I  

I I I  

I X  

I X  

I X  

I X  

I X  

I X  

I X  

I X  

V I I I  

I I , V , V I I  

Commonly  Assoc iated 
Pl ant Commu n i t i es 

Spray zone, ta l us , 
and roc ks under 
Chi ttenago Fal l s  i n  
Madi son County 

I so l ated patches of 
und i sturbed l i tter 
and s hel tered re
treats among rocks 

Cave mouths in smal l 
area of Copper ' s  
Roc k ,  Monongahel a 
County 

Occurs on ly  i n  
Nantaha 1 a Gorge 

Requ i res good cover 

Stoc k I s l and 
natura l  ha b i tat 

Rocks l i de habi tat 

Al ong Cressy Creek 
in Smyth County 

Coastal  sage , scru b ,  
chaparral and 
coasta l  strand 

Roc ky canyon wal l s ,  
coa sta l  sage scrub 

Endemic  to Antioch 
Dunes commun i ty i n  
Contra Costa County 

Restr icted to base 
of Eureka Dunes Com
mun i ty i n  I nyo County 

Restricted to base 
of Eureka Dunes Com
mun i ty i n  I nyo County 

Bl uffs , coastal sage 
scru b 

Grassy p laces 

Endemi c  to Santa 
Barbara I s l and 
Commun i ty 

Endemic  to S t .  John 
Ri ver Val l ey Commun i ty 

Mounta i nous  terra i n  
at  F i s h  Lake and 
D i x i e  Nati onal Forest 

Restricted to mo i st 
s o i l  pockets at bot
tom of sandstone or 
l imestone c l i ffs 



Tabl e J . l . ( continued )  

Speci es 

Hai ry rattl eweed , Baptisia a�achnifera ( E )  

Pers i stent tri l l i um ,  Tri��ium pe�sistens ( E )  

Contra Costa wa l l fl ower , E�ysimum capitatum 
( E )  

Texas wi l d-ri ce .  Zizania texana ( E )  

J - 5  

D i str i bution 

Pl ants 

GA 

GA , SC 

CA 

TX 

Demand 
Reg ion  

IV  

IV  

IX  

V I  

Commonly  Assoc iated 
P l ant Commun i ties  

Low sandy ri dges i n  
open p i ne woods 

Most  i nd i v i dual  
pl ants in  Tal l u l ah 
Gorge and s urround
i ng ravi nes 

Endemi c to Ant ioch 
Dunes Commun i ty i n  
Contra Cos ta County 

W ith i n  aquat ic  com
mun i ty on ly  from up
per San Marcos Ri ver 

From Jorgensen and Sha rp ( 1 97 1 ) ,  U . S .  Department of the I nteri or  ( 1 973 ) ,  and U . S .  F i sh and Wi l d l i fe 
Servi ce ( 1 975- 1 978 ) . 

aThe l e tters E .  T ,  and CH ( i n parentheses fol l owi ng the species  name ) i nd i cate whether the s pecies  
is  consi dered endangered or threatened and whether cri tical  habi tat has  been des i gnated for  the 
spec i e s .  
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Tabl e J . 2 .  Federal l y  Des i g nated Endangered and Threa tened 
Aquat ic  Fauna of  the Conterm i nous Un i ted Statesa 

Spec i es 

Pa hranagat bony ta i l  , Gi la robusta jordani ( E )  

Al abama cavefi s h ,  Speoplatyrhinus 
poulsoni ( T , C H )  

Humpback  c hu b ,  Gila cypha ( E ) 

Mohave chu b ,  Gila mohavensis ( E ) 

Sl ender c hu b ,  Hybopsis cahni ( T , CH )  

Spotfi n c h u b ,  Hybopsis monacha ( T , C H )  

Longjaw c i sc o ,  Coregonus a lpenae ( E )  

Cu i - u i ,  Chasmistes cujus ( E ) 

Kenda l l Warm Spri ngs dace,  Rhinichthys osculus 
thermalis ( E ) 

Moapa dac e ,  Moapa coriacea ( E ) 

Bayou darte r ,  Etheos toma rubrum ( T )  

Fou nta i n  darter, Etheostoma fonticola ( E )  

Leopa rd darter , Percina pantherina ( T , C H )  

Maryl a nd darter , Etheostoma se l lare ( E )  

Okal oosa darter ,  Etheos toma okaloosae ( E )  

S l a c kwa ter darter ,  Etheostoma boschungi 
( T , C H )  

Sna i l  darte r ,  Percirm tanasi ( E , CH )  

Watercress darter , Etheostoma nuchale ( E )  

B i g  Bend gambu s i a ,  Gambusia gaigei ( E ) 

C l ea r  Creek gambu s i a ,  Gambusia heterochir ( E )  

Pecos gambu s i a ,  Gambusia nobiZ.is ( E ) 

Pahrump k i l l i f i s h ,  l;mpetrichthys latos ( E )  

S c i oto mad tom , No turus trautmani ( E ) 

Yel l owfi n  madtom , Noturus flavipinnis 
( T , CH )  

B l ue p i ke ,  Stizostedion vitreum glaucum ( E )  

Comanche Spr i ngs pupfi s h ,  Cyprinodon 
e legans ( E )  

Dev i l  ' s  Hol e pupfi s h ,  Cypl'inodon diabolis ( E )  

Owen ' s  R i ver pupfi sh , Cyprinodon radiosus ( E )  

Tecopa pupf i s h ,  Cyprinodon nevadensis 
ca Udae ( E ) 

Warm Spri ngs pupfi s h ,  C'yprinodon nevadensis 
pectora lis ( E )  

Col orado R i ver s quawf i s h , Ptychocheilus 
lucius ( E ) 

Unarmored threes p i ne s ti c kl ebac k ,  
Gas terosteus acuZeatus luil Uamsoni ( E )  

D i s tri but ion  

F i sh 

NV 

AL 

AZ , UT , WY 

CA 

TN , VA 

VA , TN , NC 

Lakes M i c h i ga n ,  

Demand 
Reg i on 

I X  

IV  

V I I I , IX 

I X  

I I I , I V 

I I I  , IV 

I I , I I I , V 
Huron , and Eri e 

NV I X  

WY VI I I  

NV I X  

MS IV  

TX V I  

OK ,AR V I  

MD I I I  

FL IV 

AL ,TN IV  

TN  IV 

AL IV  

TX V I  

TX V I  

TX V I  

NV I X  

O H  V 

TN , VA I I  I ,  IV  

La kes Eri e and I I , I I I , V 
Ontar io  

TX  V I  

NV I X  

CA I X  

CA I X  

NV I X  

AZ , CA , CO , NM , UT V I , V I I I , I X 
WY 

CA I X  

Water Resource 
Reg i  on 

Great Bas i n  

Ten nessee 

Lower Col orado , 
Upper Col orado 

Cal i forni a ,  Great 
Bas i n  

Tennessee 

Tennessee 

Grea t Lakes 

Great  Bas i n  

Upper Col orado 

Lower Col orado 

Lower M i s s i s s i pp i  

Texas Gul f 

Arkansas-Whi te-Red 

M id-Atl ant ic  

South Atl a n ti c-Gu l f 

Tennessee 

Tennessee 

South Atl a nti c-Gu l f  

R i o  Grande 

Texas Gul f 

R io  Grande 

Great Bas i n  

O h i o  

Tennes see 

Great La kes 

Rio Grande 

Grea t Bas i n 

Cal i forni a ,  Great 
Bas i n  

Grea t Bas i n  

Grea t Bas i n  

Upper Col orado , 
Lower Col orado 

Cal i fornia  
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Tab l e J . 2 . (conti nued ) 
Spec i es D i str i bu t i on 

F i s h  

Shortnose s turgeo n ,  Acipenser brevirostrum ( E )  Atl ant ic  coa st  

G i l a  topmi nnow , Poeci liopsis occidenta lis ( E )  

Ari zona trout ,  Salmo apache ( T ) 
G i l a  trout ,  Sa lmo gilae ( E )  

Greenback c utthroat trout ,  Salmo clarki 
stomias ( T ) 

La hontan cutthroat trout,  Salmo c larki 
henshaLJi (T ) 

L i ttl e Kern gol den trout , Salmo 
aquabonita whitei (T ,CH ) 

Pa i ute cutthroat trout,  Sa lmo c larki 
seleniris ( E )  

Woundfi n ,  Plagopterus argentissimus ( E )  

Cl ams 

AZ 

AZ 

NM 

CO 

CA , NV 

CA 

CA 

AZ , NV , UT 

A labama l amp pear ly  mussel , Lampsi lis AL 
virescens ( E )  

Appa l ach ian  mon keyface pear ly  mussel , VA , TN 
Quadrula sparsa ( E )  

B i rdwi ng pear ly  mussel , VA , TN 
Conradi l la caelata ( E )  

Cumberl and bean pear ly  mussel , KY 
Vil losa trabi lis ( E )  

Cumber:"l a nd mon keyface pearly  mussel , VA , TN 
Quafir'u la intermedia ( E )  

Curds '  pear ly  mussel , Dysnomia MO 
f00rentina curtisi ( E )  

, 

Dr9medary pearly mussel , Dromus dromas ( E )  VA , TN 

Fat pocketboo k pearly mussel , Potamilus AR , MO 
cap= ( E )  

F i nerayed p i g toe pear ly  mussel , Fusconaia AL , VA , TN 
cuneolus ( E )  

Greenbl ossom pear ly  mussel , Dysnomia torulosa VA , TN 
gubernaculum ( E ) 

Hi gg i ns ' eye pearly mussel , Lampsilis �1N , W I , I L , MO 
higginsi ( E )  

Pa l e  l i l l i put  pearly mussel , Toxolasma AL ,TN 
cylindrel la ( E )  

P i nk muc ket pear ly  mussel , Lampsilis AL , WV , TN , KY 
orbiculata orbiculata ( E )  

Rough  p i gtoe pea rly musse l , Pleurobema KY ,VA , TN 
p lenum ( E )  

Sampson ' s  pear ly  mussel , Dysnomia I N , IL  
sampsoni ( E )  

S h i ny p i g toe pearly mussel , Fusconaia AL , VA ,TN 
edgariana ( E )  

Demand 
Reg i on 

I I ,  I V  

I X  

I X  

V I  

V I I I  

I X  

I X  

I X  

V I I I , I X 

I V  

I I I ,  I V  

I I I , I V  

I V  

I I  I , I V  

V I I  

I I I , IV 

V I ,V I I  

I I  I , I V  

I I I ,  IV  

V , V I I 

I V  

I I I ,  I V  

I I  I ,  I V  

V 

I I  I , I V  

Water Resource 
Reg i on 

M id-Atl anti c ,  
South Atl anti c
Gul f 

Lower Col orado 

Lower Col orado 

Lower Col orado 

11i ssouri  Bas i n ,  
Arkansas-Wh i te
Red 

Great Bas i n  

Cal i forn i a  

Cal i forni a ,  Great 
Bas i n  

Lower Col orado 

Tennessee 

Tennessee 

Tennessee 

Oh i o  

Tennessee 

Arkansa s-Whi te-Red 

Tennessee 

Arkansas-Wh i te-Red , 
Lower Mi s s i ss i pp i  

Tennessee 

Tennessee 

Upper Mi s s i s s i ppi  

Tennessee 

Tennes s ee ,  Oh i o  

Tennessee , Oh io  

Ohi o 

Tenness ee 



Tab l e  J . 2 . ( conti nued ) 

Spec i es 

Ta n r i ffl e-shel l musse l , EpiobZasma 
wa Zkeri ( E )  

Tubercu l ed-bl ossom pear ly  mussel , 
Dysnomia toru Zosa toruZosa ( E ) 

Turg id-b l ossom pea rly  mussel , Dysnomia 
turgiduZa ( E )  

Wh i te cat ' s  paw pearly mussel , Dysnomia 
suZca ta de Zicata ( i nc l uding D . s .  
perob Uqua ) ( E )  

Wh i te warty-bac k pear ly  mussel , 
PZethobasus cicatricosus ( E ) 

Yel iow-b l ossom pear ly  mussel , Dysnomia 
fZorentina :Zorentina ( E )  

Orange-footed p impl ebac k ,  PZethobasus 
cooperianus ( E )  

F l or i da r'la natee , Trichechus manatus 
Za tirostris ( E , C H )  

Socorro I sopod , Exophaeroma 
thermophUus 

J -8 

D i str i bution 

Cl ams 

VA , TN , KY 

KY , IL , TN ,WV 

TN 

OH , MI , I N  

AL , TN 

TN 

AL , TN 

Marrrna 1 s 

FL 

Crus taceans 

NM 

Demand Water Resource 
Region Reg ion  

I I I , IV Tennessee , Ohi o  

I I I ,  IV , V Ohi o ,  Tennessee 

IV  Tennessee 

V Great Lakes 

I V  Tennessee 

I V  Tennessee 

IV  Tennessee 

IV  South Atl anti c-Gul f  

V I  Ri o Grande 

From Jorgensen and Sharp ( 1 971 ) ,  U . S .  Department of the Interior ( 1 973 ) , and U . S .  F i s h  and 
W i l d l i fe Serv i ce ( 1 975- 1 978 ) .  
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APPEND I X  K .  SOCIOECONOM I C  IMPACTS O F  M I N ING 

Coal  convers i on is  expected to i nc rease the demand for coal in Western Pl a i ns and Texas and the 
increased coal m i n i ng may resul t i n  social and economic  changes in l ocal areas . Furthermore , 
m in ing i s  l i ke ly  to resul t i n  d i st incti ve reg i onal impacts because of the fol l owi ng factors : 
( 1 )  popul ation  s i ze and den s i ty ,  ( 2 )  envi ronmental setting , ( 3 )  socio-cul tural background of  
communi t i es affected by  mi n i ng , (4 )  economic  h i s tory , and  ( 5 )  job opportuni ty and  empl oyment . 
Gi ven these f i ve factors , t he strongest contrasts among federal reg i ons i s  bel i eved to exi st  
between the coa l -bearing areas of Appal achi a  and the  Western Pl a ins . The Texas l i gn ite area may 
al so represent a reg i onal vari ati on .  

S o  that some o f  the maj or reg i onal i s sues coul d be i denti fied , the Appal achian and Western 
regi ons were more i ntensi vely  reviewed . Impacts expected i n  the Texas area may i ncl ude those 
l i sted for both reg i ons ; however , i t  is presently thought that potential  impacts in Texas wi l l  
more c l osely refl ect those i denti fied for the western reg ions . Th is  s imi l arly i s  proposed on 
the bas i s  of settl ement pattern and h i storic emphasi s  on a range-or i ented economy .  

K . l  CENTRAL APPALACH IA  

Central Appal achia conta i ns r i ch bi tumi nous coal  deposits  wh i ch were devel oped i n  the early 20th 
century .  Coal m i n i ng , i n  add i ti on to forestry and subs i s tence agri cul ture ,  has become part of  
the  tradi ti onal economi c base for  thi s area ; however , reg i onal empl oyment tends to  be  concen
trated in the coal i ndustry , mak i ng l ocal empl oyment patterns s harply sens i ti ve to nati onal coal 
demand ( Anonymous 1 974a ) .  Th i s  factor has contri buted to the establ i s hment  of a uni que socio
cul tural setting . The topography has resul ted i n  a scattered popu l at i on , p roducing transporta
t i on and soci al servi ce probl ems and l imi t ing growth in the area (Anonymous 1 974a , b ;  McFarl and
Johnson Engi neers , I nc . , 1 976 ) . The cul tural patterns of  the area have a strong k inship  base 
and a way of  l i fe emphas i z i ng sel f-suffic i ency and u n i ty of peopl e with a s imi l ar background 
( Anonymous 1 974a , b ;  Shackel ford and Wei n berg 1 977 ) .  The coal compani es di rectly or ind irect ly  
control the  l and use  of extens ive areas i n  some counties ( McFarl and-Johnson Engi neers , Inc . , 
1 976 ) . I t  i s  expected that community structure and function has remai ned trad i t i onal and i nfor
mal , part i cul arly i n  the more i sol ated areas . 

Unl i ke the wes t ,  l arger l ocal popul ati ons and numbers of unempl oyed i n  the Appal achian regi on 
wou l d  mean that the work force can be recru i ted wi thin  the reg i on .  Case studies o f  new mines in  
sel ected Appalach i an counti es have shown that  l a rge i n-mi grations are  not  expected ( Di xon-Davi s  
et  al . 1 977 ; Stenehjem and Metzger 1 977 ) .  Benefi ts such as steadier revenues . i ncreased i ncome 
and empl oyment ,  recru i tment of young peop l e ,  and return o f  l oca l out-migrants may occur i n  cer
tai n  counti es ( McFarl and-Johnson Eng ineers , I nc . , 1 97 6 ;  Gou l d  1 97 8 .  Some benefi ts , such as 
i ncreased i ncome and revenues , woul d be comparabl e to those expected in the western reg i ons . 

Hous i ng for mi ners i s  a maj or prob l em whi ch i s  expected to conti nue ( S pence and Tuck 1 976 ; 
McFarl and-Johnson Engi neers , I nc . , 1 976 ) .  Moreover , poor school s ,  i nadequate heal th care . and 
stri p m ine damage to potential  recreati onal areas remai n  a characteri stic  probl em in parts of 
t h i s  reg i on ( Gou l d  1 978 ; McFarl and-Johnson Engi neers , I nc . , 1 976 ) . Other potenti al  impacts are 
i nfl ati on , l i festyl e changes , socia l  probl ems . and cl ashes wi th newcomers ( M�Farl and�Johnson 
Engi neers , I nc . , 1 976 ) . ' 

I n  add i t i on to these reg i onal prob l ems , there are potential  prob l ems associ ated wi th the people 
who have been h i stori cal ly  t i ed to  m in ing . Many mi ners are uni on i zed . The Uni ted Mine Workers 
Un i on rema i ns a strong organization , al though thre are recogni zed f i nancial  and l eadershi p  
probl ems ( Gou l d  1 978 ) . M ine  producti v i ty i s  dropp i ng , absenteei sm i s  h igh , safety stoppages are 
h i g h , and work days l ost  to s tri kes are the h i ghest i·n American i ndustry .  I t  i s  poss ib le  that 
extended l abor unrest may make i t  d i fficul t to substantial ly  i ncrease Appal achian coal produc
t i on ( Gou l d  1 978 ) . 

As a g roup , many mi ners d i d  not choose thei r occupati on and do not want the i r  sons i n  the mi nes . 
Hi storical l y ,  Appal ach i an mi ners are cons i dered by some to represent a capt i ve l abor force wi th
out other v iab le  econom i c  al ternative s .  I n  the poorer mining  area s ,  there i s  a n  atti tude of 
apathy and res i gnati on where the peop l e  have h i storical ly  percei ved themsel ves as havi ng been 
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expl o i ted by outs i de economic  forces . Mi n i ng cap i tal  has not been returned to the l ocal area in 
the form of i nvestment in other i ndustri es , nor have empl oyment opportun it ies di vers i fi ed .  

K . 2 THE WESTERN PLAINS  

Coal mi n i ng on an exten sive sca l e  i s  rel at ive ly  new to  most areas of the west  when compared to 
Appal ach i a . The majo r  economic  act i v i ty with  the l ongest traditi ons and g reatest i nfl uence i s  
agricul ture ( U . S .  Department of -edmmerce 1 975 ) .  Moreover , much o f  the l and i s  i n  the publ i c  
doma i n .  

Coal devel opment wi l l  affect nearly every sector o f  the reg i on ' s  econom i c ,  i nst i tutional , and 
soc i a l  structure ( U . S .  Department of  Commerce 1 975 ) .  Popu l at i on growth associ ated with thi �  
devel opment wi l l  b e  extens i ve both i n  terms o f  magn i tude and the speed with which  i t  wi l l  occu r .  
Moreover , there are a l so pol i t i ca l  impacts associ ated with a boom and bust cyc l e  (Murphy 1 975 ) .  

The i ncrease i n  popul ati on--the boom part of the cycl e- -wi l l  create an i ncreased demand for 
hou s i ng and serv i ces , whereas the bust part of the cycl e  wi l l  create l ocal problems in mai n
ta i n i ng permanent servi ces ( i . e . , water , sewage systems ) exp�nded dur ing  the boom . However, 
there are other changes that accompany rap i d  popul ati on g rowth and a commun i ty w i l l  undergo 
these changes regardl ess of how carefu l l y it has p l anned or how adequate ly  it has been 
fi nanced ( Mu rphy 1 976 ) . I n  s ome cases , l i fe i n  the commu n i ty changes as rap id  growth produces 
symptoms of u rban i zation such as a qui ckened pace of l i fe , congesti on ,  i nfl a t i on of prices , and 
scarc i ty of ameni t i es ( U . S .  Department of Hou s i ng and Urban Devel opment 1 976 ) .  Parti cul ar ly  
important i s  the con s i deration of impacts of tens i ons between l ong-time res i dents and newcomers , 
and the l ack  of act iv i t i es for spouses of  project workers . Moreover ,  trad i t i onal  l i festy l es 
wi l l  be d i s rupted o r  even d i sappear ( U . S . Comptrol l er General 1 977 ) .  Impacts to res i dents and 
the cu l tural  tradi t i ons  represented on  I ndian reservati ons must be g i ven deta i l ed study and 
con s i derat ion . 

K . 3  SAMPLE STUDY 

The coa l requi rements for converted fac i l i t i es wi l l  produce some soc i ocu l tural and economic  
impacts as mi n i ng i s  i ncreased i n  various federal reg i ons . At  the t ime of  wri t i ng , data were 
not avai l ab le  on the spec i fi c  counties which  wou l d  contri bute coal i n  each regi on .  Therefore , 
representative counties  were sel ected for study in order to i denti fy some of the coa l mi n i ng 
impacts that might  be evi dent throughout many counties i n  the reg i on .  Sel ection  was al so  based , 
i n  part , on data avai l a bi l i ty .  Al though the study counties  were bel ieved to have some charac
teri stics  thought to be typi cal  for other counties  in a reg i on ,  these are not necessari l y  the 
counties that wi l l  produce the coal for the converted fac i l i t ies . The counti es sel ected and 
the i r  respecti ve reg i on s  are as fol l ows : ( l )  Mi ngo County , West V i rg i n i a  ( Appalachi a ) ,  
( 2 )  Sweetwater County , Wyom i ng ( Northern Great P l a i ns ) , and ( 3 )  Perry County , I l l i noi s (M idwest ) .  

I t  � s  al so  true that coal production attri butabl e  to the regul atory program i s  expected to be 
l ess  than 1 0  percent of the 1 985 producti on in each product i on reg i on except the Northern Great 
Pl a i ns ( Reg i on 8) and Texas ( Re g i on 5 ) .  I n  the Northern Great P la i n s , coal producti on due to 
the program i s  expected to represent a 1 5  percent i ncrease in total producti on ; in Texas , 
product ion wi l l  represent a 36 percent i ncrease . 

Desp i te the s i gn i f i cant i ncrease i n  Texas product i on , Texas was not exami ned for boom town 
impacts . Texas currentl y has on l y  three operat i n g  mi nes ( Sussk ind and Q ' Hare 1 977 , p .  41 ) ,  so 
d i rect examination of Texas coal towns to provi de ev idence of future cond it ions  wou l d  not be 
poss i b l e .  A second con s i deration i s  that the coa l  requi red for the program i s  ma i n l y  for 
l ndustrial  boi l ers , and due to the d i s persed l ocati on of these boi l ers , spec i f i c  i denti fi cation 
of  rew mine l ocations i s  pure ly  specu l ative .  

I n  the  fo l l ow i ng sect i on , each of these study counties  i s  d i scussed , wi th emphas i s  on  socia l  
servi ce capabi l i t i es ;  the  d i scus s i on 'i s d i v i ded into two parts . The  fi rst i s  a profi l e  of  the 
present COUilty s i tuation under coal mi n i ng cond i t i ons . I n  th i s  profi l e ,  i t  was assumed that  al l 
or part of the coal now produced wou l d  be used for coal convers i on and that the impacts wh i ch 
are descri bed are therefore associ ated w ith coal convers i on .  I n  the second part , the soc i a l  
servi ce and associ ated cost demands are projected for each county i n  1 98 5 .  Two as sumpti ons  were 
made . F i rst , that coal product i on steadi l y  increases in each county , requ i ri ng 40 to 1 20 new 
mi ners per year ,  depending  on the county , and that al l new mi ners are i n-mi grants from a nearby 
county ( see Appen d i x  A ) . 

Gi ven the s i ze of the work force , the projections represent conservative worst-case estimates 
for impacts caused by i n - imigrants . The second assumption  was that al l increases in coal m i n i ng 
wi l l  resul t froni demands by newl y constructed fac i l i t ies . However ,  i t  i s  impos s i b l e  that any 
one county wi l l  be the so le  contri butor for coal conver s i on with in  a reg i on .  Therefore , the 
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1 985 serv i ce and cost projecti ons wi l l  be spread across several of the coal -producing counties 
i n  a region . 

K . 3 . 1  Mi ngo County ,  W .  Va . ,  Study (Basel i ne 1 970 to 1 976) 

K . 3 . 1 . 1  Demography and Settl ement Pattern 

Popul ation s i ze i n  Mi ngo County has fl uctuated s i nce the earl y 1 900s . Because of a dec l i ne i n  
. coal production from 1 950 t o  1 970 , Mi ngo l ost  approximately 3 5  percent o f  i ts popul ation . Now , 
due to the recent emphas i s  on coal production , the county ' s  popul ation i s  once aga i n  increas ing .  
and a s  o f  Ju ly  1 , 1 976 . Mingo had 35 , 500 res i dents , a gain of approximately 8 percent si nce 
1 970 . General l y ,  Mi ngo has a young popu l ation , wi th about 90 percent of i ts res i dents l ess than 
64 years of age ( Arnett and Bal l iet 1 978 , p p .  4-8 ) . 

W i th i n  Mingo County , there are fi ve major popul ation cl usters--the muni c i pal i ties  of Wi l l iamson 
( popul ation 5 ,300) , Debarton ( popu l at ion 1 ,000) , Kermi t ( popul ation 960 ) , Matewan ( popul ation 
920 ) , and S i l bert ( popul ation 71 0 ) . During 1 970-1 975 , Wi l l iamson and Matewan had a combi ned 
l os s  of popul ation of about 1 3  percent,  whi l e  the combined i ncrease of Del barton . Kermi t .  and 
Gi l bert was approximately 50 percent . Wi l l i amson i s  the county seat . and commercial and heal th 
center (Arnett and Bal l i et 1 978 . pp . 5-8 ) . 

K. 3 . 1 . 2  Soci a l  Organi zation 

Education 

The county has twenty-four grade school s .  s i x  high school s .  and three jun i or high school s .  The 
pup i l -teacher ratio  is approximately 24 : 1 . which is above the nati onal average of 20 : 1  ( Foster 
1 978) . The average per-pupi l capi tal  expendi ture i s  about $900 annual l y .  whi ch i s  bel ow the 
nati onal average of $1 ,400 ( Arnett Bal l iet 1 978 . pp . 26-27 ) .  

Sewage and Water 

The county i s  respons ib le  for water and sewage systems i n  the uni ncorporated areas . The munici 
pal i ties own and operate i ndependent systems , a l l of which are at the i r  capaci ty l evel s .  
A lthough most  of the mun i c i pa l i ti es have new water systems , sewage systems are sti l l  i n  the 
p l ann ing stages ( Arnett and Bal l iet 1 978 . pp .  33-36 ) . 

Medica l , Fi re ,  and Pol i ce 

F i re protecti on i s  provi ded by each mun i c i pa l i ty i n  cooperation wi th the county . which partic i 
pates with revenue-sharing funds . A county ambul ance i s  provided . run by a private operator 
u s i ng county-owned equi pment.  The county al so provi des a sheri ff ' s  department (Arnett and 
Bal l i et 1 978 , pp .  31 -33) . 

Pub l ic  Hea l th 

The county supports a heal th department which  empl oys two publ i c  heal th empl oyees , two nurses , 
two cl erks , and a custodian . The nurses provide medi cal services to the vari ous muni c i pal i ti es 
and schoo l s  on a rotati ng bas i s .  There i s  one pri vately owned hospi tal ava i l abl e to county 
res i dents . The only hea l th cl i n i c , a new faci l ity.  was destroyed by recent fl oods but i s  cur
rently schedul ed to be rebu i l t .  Phys i c ian-to-pati ent ratio  i n  the county was 1 : 1 9 1 7  ( 1 974 
fi gures ) ,  which i s  more than doubl e the nati onal average ( 1 : 576)  (Arnett and Bal l iet 1 978 . 
pp .  36-39 ; American Medi cal Association 1 977 , p .  23) . 

0 . 3 . 1 . 3 Pol i t i ca l  Organi zation 

The county i s  governed by a three-member board of county commi s s i oners who are el ected by 
popul ar vote . Currently.  there i s  a new county commi ss i oner and a county pl anner who are i n  the 
process of deve l oping a mul ti purpose center to hel p prov i de for more adequate serv ices for the 
county res i dents . Other such p lans for future deve l opment are now being made (Arnett and 
Bal l iet 1 978 . pp . 69-71 ) .  
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K . 3 . 1 . 4 Econom ic  Organ i zat ion  

Mi ngo County ' s  pr ima ry i ndustry is  coa l , ran k i ng twel fth in  the  state and  produc ing 4 percent  
(4 ,434 ,673  ton s )  of the state ' s  total producti on (Arnett and  Bal l i et  1 9 78 , pp .  4 ,  1 5 ) .  Of  th i s  
1 976 total tonnage , approx imatel y  1 4  percent ( 638 , 1 47 tons ) was from stri p mi nes and the rema i n 
i n g  86 percent ( 3 , 796 , 526 ton s )  was mi ned underground (Arnett a n d  Bal l i et 1 978 , p .  1 5 ) .  

The county operates on an annual  budget of approximatel y $ 1  mi l l  i on ,  \�i th two suppl ementary 
sources of money deri ved from federal revenue- sharing  and a coa l tax , tota l i n g  $ . 5  mi l l i o n .  
Th i s  revenue ,  i n  part , fi nances many o f  the serv i ces provi ded by mun i c i pal i t i es ;  however ,  i ts 
primary purpose i s  to pay for servi ces offered by the county ( i . e . , sheri ff ' s  department ,  hea l th 
department ,  ambu l ances , county l a ndfi l l ,  etc . ) ( Arnett and Bal l i et 1 978 , pp . 3 1 -33 ) . 

K . 3 . 1 . 5 Projected Impacts on Soc i a l  Serv i ce Demands ( 1 985 ) 

M i ngo County and i ts mun i c i pa l i t ies  wi l l  have to expand the i r soc i a l  servi ces to prov i de for the 
i ncoming  mi ners and serv i ce workers and the i r fami l i es by 1 985 ( see Tab l e  K . l ) .  Al though i t  
i s  impos s i b l e  t o  pred i ct exact ly  where the i n-mi grants wi l l  �ettl e i n  the county , and therefore , 
what impacts wi l l  be generated for each mun i c i pa l i ty ,  i t  i s  poss i b l e  to make an estimate of the 
soc i a l  serv ice demands pl aced upon the county by the new i n -mi grants . Educa t i on wi l l  create the 
l argest f inanci a l  i mpact on M i ngo County , costing approximate ly  $9 , 382 ,090 to $ 1 0 ,973 ,875 for 
school expan s i on , add i t i onal  teachers , and ma i n tenance costs . Other expenses the county wi l l  
i ncur are an  i ncrease i n  recreat i onal  fac i l i ti es and empl oyment of more deputy s he ri ffs . 
Al together ,  Mi ngo ' s  total actual cost over ten years wi l l  be approx i mately $9 , 724 ,840 to 
$ 1 1 , 3 1 6 , 625 . These fi gures may be overestimates of the actual impact costs to the county , s i nce 
the mun i c i pal i t i es and county may share a port ion  of the expenses . 

K . 3 . 2  Sweeb/ater County ,  Wyomi ng ,  Study (Basel i ne 1 970 to 1 976 )  

K . 3 . 2 . 1  Demography and  Settl ement Pattern 

Cu rrentl y ,  there i s  a rap i d  popu l at i on i ncrease in Sweetwater County due to ml n l n g .  I n  1 970 , 
the county ' s  popu l at i on was 1 8 , 39 1  and has s i nce more than doub l ed ( 1 08 percent )  to a popu l a t i on 
s i ze of 38 , 31 0  i n  1 976  ( U . S .  Department of Commerce 1 976 , p .  3 ;  U . S .  Department of the I nter i o r  
1 978 , pp . R2-64 ) . T h e  medi an l ength of res i dence i n  t h e  county i s  approxi mate l y  8 . 3  years , w ith  
near ly  one-fourth of the  res i dents hav i n g  l i ved there l ess  than  one  year and  approxi mately 
40 percent hav i ng arri ved s i nce the beg i nn i ng of the energy deve l o pment  boom in 1 970 ( B i ckert 
1 974 , p .  6 ) . Of the 1 976 popul at ion , approximate ly  82 percent are marri ed ,  wi th over hal f of 
these fami l i es having  c h i l dren of school age or younger ( B i c kert 1 974 , p. 7 ) .  

W i th i n  Sweetwater County , about 84 percent of the current popu l at ion  res i des i n  two mun i c i 
pal i t i es--Rock Spri ngs* ( popul at ion  2 1 , 23 2 )  a nd Green R i ver ( popu l a t i on 1 1 , 000 ) . The rema i n i ng 
popu l at i on ( 6 , 078)  resi des i n  e i ther the rura l , '  uni ncorporated areas or the sma l l er commu n i t ies  
in  the county ( U . S .  Department of the I nteri or  1 978 , p .  R2-64 ) . 

K . 3 . 2 . 2  Soc i a l  Orga n i zation 

Educat i o n  

T h e  county i s  d i v i ded i nto two school  d i stricts . School Di str ict 1 provi des serv i ces t o  the 
c i ty of Roc k Spri ngs and i ts surround i n g  area , whi l e  Di strict  2 serves the commun i ty of Green 
Ri ver and the surround i ng a re a .  The pupi l -teacher rat i o  for both d i stricts  i s  20 : 1 , w i th an 
average per-pupi l cap i ta l  expendi ture of about $ 1 , 590 , wh i ch i s  bel ow the nation ' s  average of 
$1 , 740 ( U . S .  Department  of the I nter ior  1 978 , p .  R2-6 4 ;  Foster 1 978 ) . ** 

Cu rrent l y ,  Di str i ct 1 ( en ro l l ment 4 , 574 ) has  some exces s c l a ssroom space and has h i red enough 
personnel to adequate l y  accommodate about 10 percent more students . Because of a seri ous need 
for add i t i onal  c l assroom space , D i strict  2 (enro l l ment 2 , 872 ) has added new c l assrooms to o l d 
school s ,  constructed a h i g h  school , and i s  repl acing a temporary el ementary school w i th a 
permanent structure ( U . S .  Department of the I nter ior  1 978 , p .  R2-75 ) .  

*About 2 years ago , 11 60 M i nutes" d i d  a story on Rock Spri ngs i n  regard to i ts boom i n  
popul a t i on . Apparentl y ,  crime i ncreased rather dramat ica l l y .  

**For con s i stency , the per-pup i l  expendi tures for M i ngo County were compared t o  ava i l ab l e  
data ( 1 970 ) . 



Tab l e  K . l .  Predi cted Serv i ce Demands 1 975- 1 985 i n  Representat ive Count i es of  Demand Reg i ons  Mo st Affec ted by Convers i on to Coal a 

Popul a t i on 

Marri ed 

S i ng l e 

Total 

Educat i on 

Student 

Teacher 

Structure 

Structural cost 

Regi on I I I  
Mi ngo County ,  
West  V i rg i n i a  

3770 

520 

4290 

1 600 

85 

1 92 , 000-
240 ,000 ft2 

$6 ,81 6 , 000-
8 , 280 , 000 

Reg i on V 
Perry County , 

I l l i no i s  

2 1 50 

300 

2450 

91 5 

45 

1 09 , 800-
1 37 , 250 ft2 

$ 3 , 987 , 900-
4 , 735 , 1 25 

Reg i on V I I I  
Sweetwater County ,  

Wyomi ng  

6450 

900 

7350 

2740 

1 35 

328 ,800-
41 1 , 000 ft2 

$ 1 1 , 672 , 400-
1 4 , 1 79 , 500 

Commentb 

Tota l predicted popu l at i on to mi g rate i nto 
county over ten-year period ( 1 975- 1 985 ) . 

I nc l udes nonl ocal mi ners and the i r  fami l i es 
and non l ocal secondary workers and the i r  
fam i l ies  at 3 . 7  fam i l y  members per i ncomi ng 
worker ( Charl es Ri ver Assoc . 1 977 , pp. 4-28 ; 
U . S .  Department of Heal th , Educat i on and 
Wel fare 1 97 6 ,  p. 5 ) . 

I nc l udes nonl ocal mi ners and secondary 
workers who are s i ng l e ,  wi dowed , or di vorced 
( Char l e s  R i ver  Assoc . 1 97 7 ,  pp. 4-28 ; U . S .  
Depa rtment o f  Heal th , Education  and We l fare 
1 97 6 ,  p .  5 ) . 

The range of the f igures s how the i n i ti a l  
cost i f  a l l i n-mi grant  pupi l s  were t o  attend 
el emen tary school  ( l ow f i gure )  and a l l 
attend secondary school ( h i gh fi gure ) . 
These fi gures thus wou l d be i nc l u s i ve of a 
d iv i s i on between pupi l s  ( e . g .  50 percent to 
h i g h  school , 50 percent to e l ementary 
school . I t  i s  the staff ' s  opi n i on that 
these f i gures s how a reasona b l e  m in imum-to
maxi mum educa t i on expendi ture the county 
wi l l  be confronted wi th i n  the future . 

Assumes teacher-student rat i o  of  1 : 20 
( Foster 1 978 ) .  

Al l ows approximate l y  1 50 square feet per 
h i g h  school pupi l and 1 20 square feet per 
el ementary pup i l ( Real Estate Research Corp.  
1 974 , pp.  1 1 0- 1 1 1 ) .  

Structural cost ( i nc l ud ing  profi t ,  overhead , 
and fees ) assumes $34 . 50 per square foot for 
h i g h  schoo l , and $35 . 50 per square foot for 
el ementary school ( Real Es tate Research 
Corp . 1 974 , p p .  1 1 0- 1 1 1 ) .  
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Educat ion ( cont ' d )  

Ma i ntenance cost 

Recreati on 

Park 

Deve l opment 

Personne 1 

Operati ng and 
Ma intenance costs 

County sheri ff 

Fi re protecti on 

Regi  on I I I  
Mi ngo Coun ty , 
West  V i  rgi n i  a 

$27 ,840 , 000 

Add i t i onal 
1 5 . 0  acres 

$ 1 53 , 750  

$ 1 00 , 000 

$ 26 , 000 

8 offi cers 
$832 , 320  

Mun i c i pa l ly owned 
and operated 
( county contri 
butes revenue
shari n g  funds ) .  

Table K . l .  ( conti nued ) 

Reg i on V 
Perry County , 

I I I  i no i s  

$ 1 5 ,921 , 000 

Add i t i onal 
7 . 5  acres  

$ 80 , 000  

$ 1 00 , 000 

$ 26 , 000 

5 offi cers 
$520 , 000 

Mun i c i pa l l y  and county
( through d i stricts ) owned 
and operated . 

Reg i on V I I I  
Sweetwa ter County , 

Wyoming 

$47 , 676 ,000 

Add i ti ona 1 
2 5 . 0  acres 

$250 , 000 

$200 , 000 

$ 52 , 000 

1 5  offi cers 
$ 1 , 56 0 , 000 

Mun i c i pal l y  owned 
and opera ted .  

Commentb 

Teacher ,  operati n g , and ma i ntenance assumes 
estimated annual average cost expendi ture 
per student of  $ 1 740 ( Foster  1 978) . 

Based on 3 . 5  acres per 1 000 peopl e ( DeChi ara 
and Koppel man 1 975 , p. 1 2- 3 )  

Approximate cost per acre for fac i l i ti es and 
devel opment  i s  $1 0 , 000 ( i ncl udes profi t ,  
overhead , eng i neeri n� and des i g n  faci l i t ies , 
and s i te i mprovement ) ( Real Estate Research 
Corp . 1 974 , p. 1 09 ) .  

Assumes one empl oyee per 1 0- 1 5  acres . Com
mun i ty park acreage determi ned u s i ng 
3 . 5  acres per 1 000 i nhabi tants ( DeChiara 
and Koppel man 1 975 , p .  1 2-3 ) .  

Operating and ma intenance costs assume 
sa lary 80 percent of total expendi ture : 

$ 1 0 , 000 Annual  sal ary per empl oyee 
2 ,600 Operati ng  and ma i ntenance cost 

$1 2 , 600 Approximate tota l expendi ture 
per empl oyee 

( Real Estate Research Corp . 1 974 , p .  1 09 ) . 

Offi cer ' s sa lari es approxi mate l y  $ 1 0 , 404 
annual l y .  Pol i ce needs determi ned assumi ng 
2 . 08 offi cers per 1 000 i nhab i tants ( Inter
nati onal C i ty Management Assoc . 1 978 , 
pp . 1 4 7 , 1 49 ) . 
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Sewage and water systems 

Hospi ta 1 

Total cost 
( actual  cost over  1 0  years ) 

Regi on I I I  
Mi ngo County , 
West  V i rg i n i a  

County respons i b l e  
for un i n corporated 
areas on ly .  
As ses sment wou l d 
be requi red to 
determi ne i f  sys 
tems are adequate 
for i n -mi grants . 

No county-owned 
hospi tal . One 
private ly  owned ,  
wh ich  woul d 
req u i re expan s i on 
of approxi mate l y  
20 beds t o  ade 
quately provi de 
for i n -mi grants . 

$ 35 , 758 , 070-
37 , 232 , 070 

Tabl e K . l .  ( conti nued ) 

Reg ion  V 
Perry County ,  

I I I  i no i s  

Mun i ci pal l y  owned and 
o perated . 

1 1  beds 
$ 3 , 564 ,000 

$24 , 1 08 , 900-
2 4 ,946 , 1 25 

Reg i on V I I I  
Sweetwater County , 

Wyomi ng 

Mun i c i pal l y  owned 
and opera ted .  

3 5  beds 
$ 1 1 , 340 , 000 

$72 , 258 , 1 00-
72 , 750 , 500 

Commentb 

Assumes approxi matel y  $ 1 9 , 000 per hospi tal 
personnel and approximate ly  $ 1 3 ,400 for 
other expenses . Hosp i tal  need determi ned 
us i ng 4 . 5  beds per 1 000 i n habi tants ( Real 
Estate Research Corp . 1 974 , p .  1 30 ;  
American Hosp i t a l  Assoc . 1 977 , p .  v i ) . 

aAl l n umbers a re rounded to the nearest fi fth .  
bAl l cost esti mates were deri ved u s i ng 1 97 7  dol l ars , whi c h  were devel oped at  7%  a year , s i mpl e i nterest , and then rounded to  the nearest fi fth . 
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Sewage and Water 

Wa ter and sewage systems are a l l mun i c i pa l l y  owned and operated . There are currently i nade
quac i es in both systems . The mun i c i pa l i ties  are aware of these probl ems and have p l ans for 
improvement ( U . S .  Department of the Interior 1 978 , p .  R2-86 ) . 

Soc i a l  Serv i ces , F i re ,  and Po l i ce 

Sweetwater County has a wel fare offi ce wh ich  provi des both soc i a l  serv ices and counse l i n g  to i ts 
res i dents . The staff of seventeen hel ps the res i dents acqu i re serv ices through  referra l , out
reach , tran sportati on , escort , nutri t ion , heal t h ,  educa t i on , and recreat ion programs . Fi re 
protection  i s  prov i ded by each mun i c i pa l i ty u s ing  the servi ces of both vo l unteer and pa i d  fi re
men .  The county a l so provi des a county s heri ff ' s  department , but has a d i ff i cu l t  time attract
i ng and keeping  experi enced deputies  because sa laries  are not competi t ive w i th pri vate empl oyers 
( U . S .  Department of the I nterior 1 978 , p p .  R2-80 to 86 ) . 

Publ i c  Hea l th 

The county owns and operates a 97-bed fac i l i ty ,  Sweetwater County Memori a l  Hos p i ta l , i n  Rock 
Spring s .  Cu rrentl y ,  a new 1 00-bed hosp i ta l  i s  be ing  constructed and th i s  acti on has rece i ved 
cr iti c i sm from the county ' s  res i dents because some be l i eve that it wi l l  be too smal l ( U . S .  
Department o f  the I nter i or 1 978 , pp . R2 -75 to 80 ) .  

K. 3 . 2 . 3  Pol i t ical  Organi zat i on 

The county i s  governed by a three-member board of county comm i s s i oners who are el ected by popu
l ar vote . There i s  a l so a county p l anner who is hi red by the board . Currentl y ,  the commi s 
si oners and pl anner are formul ating  goa l s  for devel op i n g  more servi ces for the county res i dents 
( Bescoe 1 978 ; Watt 1 978) . 

K . 3 . 2 . 4 Econom i c  Organ i zati on 

The county ' s  1 977-1 978 budget i s  $1 2 , 772 , 357 , which i$ appropri ated by the state . Thi s revenue 
i s  used to pay for serv ices offered by the county to i ts c i t i zenry ( i . e .  s her i ff ' s  department , 
county l i brary , hosp i ta l , recreat i on ,  a i rport , fai r ,  etc . )  ( Bescoe 1 978 ) . 

K. 3 . 2 . 5  Projected Impacts on Soc ia l  Serv ice Demands ( 1 985)  

By 1 985 , Sweetwater County wi l l  experi ence a rap i d  i ncrease i n  the i n-mi grant mining  popu l at ion , 
i n  add i t i on to a tremendous demand for i ncreased soc ia l  serv i ces to i ts new and ol d res i dents . 
Certain  serv ices are prov i ded by the county to i ts c i t i zenry ,  a,ld regardl es s  where the in
mi grants may sett l e  i n  the  county , the  serv ices sti l l  must  be adequate to meet the i r  needs . 
Est imated servi ce demands and costs for 1 985 are prov i ded i n  Tab l e  K . l . The greatest cap i tal  
demand for county serv i ces wi l l  be i n  educat ion , and  wi l l  cost $1 4 ,823 , 400 to  $ 1 7 ,330 , 500 over 
the next ten -year per i od . Other serv ices that wi l l  need to be expanded are recreati on ,  the 
county sher i ff ' s  department ,  and the hos p i ta l . By 1 985 , the total cost for a l l servi ces ( i ncl ud
i ng educat ion )  wi l l  be $56 ,074 ,400 to $58 , 581 , 500.  

K. 3 . 3  Perry County ,  I l l i no i s ,  Study ( Basel i ne 1 970-1 975) 

K. 3 . 3 . 1  Demography and Settl ement Pattern 

Perry County ' s  popu l at i on was fai rl y  constant from 1 9 1 0  to 1 950 . The on ly  major popu l at i on 
fl uctuati on was during  the 1 950s , when the county ' s  popu l ation  decl i ned 1 2  percent due to an 
out-mi grat ion  trend of younger peopl e ( age 1 5  to 40) . S i nce then , the median  age of the county 
has i ncreased to 3 5 .  As of J u l y  1 ,  1 97 5 ,  Perry County ' s  popul ation was 20 , 545 , a ga i n  of 
approximate l y  3 . 5  percent over 1 970 ( Arnett and Bal l i et 1 97 8 ,  p p .  5 -6 ;  U . S .  Department of Com
merce 1 977 , p .  38) . 

There are s i x  major popu l ation  cl usters w ith i n  Perry County--the mun i c i pal i ties  of Duquoi n  
( popu l at i on 6 ,4 1 4 ) , P i nckneyvi l l e ( popul at ion 3 , 300 ) , Tamaroa ( popul ati on 922 ) , and W i l l i sv i l l e 
( popu l at i on 788) . Cutl er ,  Duquoi n ,  and P i ckneyvi l l e  had a combi ned l oss  of about 1 0 . 5  percent ,  
whi l e  St . Johns , Tamaroa , and Wi l l i s v i l l e experienced a combined i ncrease o f  approximately 
40 percent s i nce 1 970 ( U . S .  Department of Commerce 1 977 , p .  38) . 



K . 3 . 3 . 2  Soc i al Organ i zation  

Educati on 
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The county has ten el ementary school s ,  two junior  h i g h  school s ,  and three h i g h  school s di stri 
buted throughout e i g ht school di stricts . School costs are fi nanced by the res i dents through 
taxes pai d  to the county , wh i ch i n  turn appropri ates that money to the di fferent school d i s 
tricts . T h e  average yearl y per pupi l capi tal expendi ture i s  $ 1 , 1 00 ,  which i s  bel ow the nation ' s  
average of $ 1 , 740 . The pupi l -teacher rat io  i s  about 25 : 1 , substant i al l y  h i g her than the nat i on ' s  
average o f  20 : 1 .  Accord ing  to the Reg i onal  Superi ntendent for Perry County , the school system 
wou l d  be a b l e  to accommodate add i t i onal  s tudents ( McCormick 1 978 ; M i l l i k i n  1 978 ; Foster 1 978 ) . 

Sewage and Water 

Al l sewage and water systems w i th i n  the county are mun i c i pal l y  owned and operated ,  and are 
presently prov i d i n g  adequate services for the res i dents ( Mi l l i k i n  1 978 ) . 

Med i cal , Fi re ,  and Pol i ce 

There are two types of J i re protection i n  the county : mun i c i pal ( owned and operated by the 
mun i c i pal i ty )  and three fi re protecti on di stri cts ( owned and operated by the rural area of the 
county and funded through " f i re" taxes ) .  The mun i c i pa l  f i re department operates with both an 
empl oyed staff and vol unteers , whi l e  the di strict ' s  departments have only vol unteer forces . 
There are two d i fferent ambu l ance servi ces i n  the county wh i c h  are vol unteer and private l y  
owned . T h e  county a l so p rov ides a sheri ff ' s  department . These servi ces are adequate for the 
county ' s  res i dents ( Mi l l i k i n  1 978 ) .  

Publ i c  Heal th 

Perry County supports a hea l t h  department ,  wh ich  is staffed by three nurses who prov ide home 
servi ces . There i s  one pri vate ly  owned 60- bed hospi tal and a county-owned 55-bed hospi tal . 
Both hospita l s and the hea l th serv i ces adequate l y  provide for the c i t i zen ry ( Mi l l i k i n  1 978 ; 
American Hospi tal Assoc i a t i on 1 975 , p p .  79 , 83 ) .  

K . 3 . 2 . 3  Pol i t i cal  Organ i zati on 

Perry County i s  governed by a three-member board of county commi ss i oners who are e l ected by 
popu l ar vote . There i s  no county p l anner. There i s  an appoi nted i ndustri a l  commi ttee whose 
func t i on i s  devel oping  p l ans  to attract new bus i ness  to the commu n i ty .  The comm i s s i oners and 
i ndustrial  commi ttee current ly  are deve l op i ng p l ans ( e . g . , a new shopping  center )  to provide 
more adequate serv i ces for the county res i dents ( Mi l l i k i n  1 978 ) . 

K . 3 . 2 . 4  Econom ic  Organ i zation  

The  county ' s  budget for  1 977- 1 978 is  approximate l y  $ 1 , 500 ,000 , which is  adequate to keep pace 
w i th expendi tures . Thi s revenue i s  used sol e ly  for county expenses to provide servi ces for res i 
dents ( i . e . , operati ng  the county court c l eri ca l  offi ces , road constructi on and mai ntenance , 
general a s s i stance , mental hea l th department ,  etc . )  ( Mi l l i k i n  1 978 ; Arnett and Bal l i et 1 978 , 
p .  7 ) . 

K . 3 . 2 . 5  Impacts on Soc i a l  Service  Demands ( 1 985 ) 

By 1 985 , the popu l ati on of  Perry County wi l l  i ncrease steadi l y  due to the i n-mi gration  of new 
mi ners , serv ice personnel , a nd a ssoci ated fami l i es that wi l l  i n  turn create new county serv ice 
demand s (Tab l e 0 . 1 ) .  School d i strict enro l l ments wi l l  cause the greatest fi nancia l  burden to 
the county , costi ng the taxpayers $ 1 4 , 000 , 000 to $ 1 5 , 000, 000 for 1 985 for school construction , 
h i r ing  of add i t i onal facul ty members ,  and general mai ntenance costs . The county wi l l  a l so  be 
respo n s i b l e  for h i r i ng add i t i onal  s heriff ' s  deputies , improving  recreational faci l i t i es , and 
expand i ng the county hosp i tal , at  a total cost of about $4 , 1 20 , 000 over the ten-year peri o d .  
Expa n s i on d u e  t o  coal devel opment cou l d  pos s i bl y  cost t h e  county ' s  taxpayers a total of more 
than $ 1 8 ,000 ,000 by 1 98 5 .  
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K . 4  SUMMARY 

Current coal p roduct ion i s  affecting  the soc i a l  service demands di fferent ly  i n  a l l of the coun
ties stud i ed .  I n  some areas , present demands appear to b e  met i n  the counties  experi enci ng the 
l east rap i d  popu l at ion growt h .  Projected serv ice demands and costs are associ ated wi th i n
m igrant mi ners and costs may pl ace a severe burden on some count i es . 

I t  ha s been genera l l y  observed that i n  boom towns the revenues rai sed from energy devel opment 
are avai l ab l e  after the boom effects have al ready occurred (Teter 1 978 ; G i l more and Duff 1 974 ) .  
Outmi grati on has occurred i n  many Appal ach i an counties . General l y ,  Appa l ach i a  has had l es s  than 
the nati onal average l evel of publ i c  serv ice del i very and th i s  has occurred desp ite booms i n  
l ocal product ion i n  the past .  
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APPEND I X  L .  EST I MATION  OF .SOL I D  WASTE GENERAT I ON 

The wors t-case ana l y s i s  of coal  combust ion wa ste was based on the fo l l ow i n g  as s umpti ons : 

1 .  Tons of coal  produced taken from Tab l es 3 . 7  and 3 . 8  for 1 985 and 1 990 , 
respect i ve l y . 

2 .  Ash and s u l fur percentages of coal  derived from i nforma t i on d i scussed i n  
Secti on 4 . 5 .  

3 .  I t  was a s s umed that essenti a l l y  a l l o f  the a s h  a nd 90% of the s u l fur i s  
removed a s  waste . 

4 .  Ash wa s ca l cu l ated as 40 l b/ ton coa l /% a s h .  Thi s as s umes no a s h  i s  bei ng 
re l eased and  that the waste that i s  generated i s  50% sol i d s  and 50% wate r .  

5 .  Su l fur waste i s  ca l cu l ated as  1 95 l bs was te/ ton coa l / %  s u l f u r .  T h i s  va l ue 
i s  i n  the genera l range of the va l ue of 1 80 l b  waste/ ton coa l /I  S u sed 
e l sewhere ( Federa l  Energy Admi n i s trat i o n  1 977 ) , and was deri ved as  fo l l ows . 
A 2% s u l fur content y i e l ds 267 tons of s l udge per MW-yr ( 731  tons d ry s l udge 
per day ) ( Dvora k et a l . 1 97 7 ) . The coal requ i red to produce th i s amount  of 
s l udge i s  approx i mate l y  7479 tons ( a pprox imate ly  9 . 75% by we i ght of d ry 
s l udge for 2% s u l fur coal ) .  At 50% so l i ds/ 50% water by we i ght , the va l ue 
becomes 9 . 75% by we i ght of coal at 1 %  S .  Th i s  i s  equ i val ent to 1 95 l b  of 
waste per ton coa l per S .  

6 .  Sampksa l cu l�t i oI1_ 

For coa l from Supp ly  Reg i on 1 ,  bu rned i n  Demand Reg i on I :  

As h generated = 

1 . 454 x 1 0 5 tons  coal x 0 . 1 07 (7;' a s h )  x 2 0 . 3 1 1  tons  of ash  was te . 

S u l fur s l udge generated = 

1 . 454 x 1 0 5 tons coal x 
1 9 5 1 bs 2 6'£ S 1 ton 

ton coa l -% s u l fu r x 
• •  

x 2000 l b  S 

0 . 3686 x 1 06 ton s l udge . 

7 .  Acre-fee t s l udge 
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A range of  so l i d  waste dens i t i e s  of 2000-3000 l bs/m 3 ( Federa l Energy Adm i n i s 
trat ion  1 97 7 )  i s  u sed : 

2000 l bs/m:O  1 233 tons/acre-ft , and 

3000 l bs/m3  1 850 tons/acre-ft . 

Sampl e ca l c u l ati on 

Total acre-feet of s l udge produced in 1 990 5 2 . 5  x 1 0 6 tons waste 
1 850 tons/acre-foot 

28 , 378 . 38 acre- ft . 

I f  th i s i s  d i sposed of i n  a was te pond or l and f i l l  to a depth of  
10  fee t ,  the  l a nd requ i red wi l l  be 2838 acres . 
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